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ABSTRACT
Historical observations of transients are crucial for studies of their long-term evolution.
This paper forms part of a series of papers in which we develop methods for the analysis
of ancient data of transient events and their usability in modern science. Prior research
on this subject by other authors has focused on looking for historical supernovae and
our earlier work focused on cataclysmic binaries as classical novae. In this study we
consider planetary nebulae, symbiotic stars, supernova remnants and pulsars in the
search fields of our test sample. We present the possibilities for these object types to
flare up visually, give a global overview on their distribution and discuss the objects
in our search fields individually. To summarise our results, we provide a table of the
most likely identifications of the historical sightings in our test sample and outline our
method in order to apply it to further historical records in future works. Highlights
of our results include a re-interpretation of two separate sightings as one supernova
observation from May 667 to June 668 CE, the remnant of which could possibly
be SNR G160.9+02.6. We also suggest the recurrent nova U Sco as a candidate for
the appearance observed between Scorpius and Ophiuchus in 891, which could point
towards a long-term variability of eruption amplitudes. In addition, we find that the
‘shiny bright’ sighting in 1431 can be linked to the symbiotic binary KT Eri, which
erupted as a naked eye classical nova in 2009.
Key words: transients: novae – transients: supernovae – (stars:) pulsars: general
– (stars:) X-rays: binaries – (stars:) binaries: symbiotic – history and philosophy of
astronomy
1 INTRODUCTION
This is the fifth and last paper of our series developing a new
method of analysing the historical sightings of transients by
using the many electronic databases developed during the
past few decades. In our first two papers, Paper 1 and Pa-
per 2, we reasoned for this study by expecting some dozen or
some hundred additional data points in the 2.5 millennia. In
order to provide these additional data points, (Paper 3) de-
scribed a new method to translate the positions described in
historical text in search fields usable with modern databases.
This method was applied to a test sample of 25 cases se-
lected ∼ 185 (Paper 3, Tab. 2 and 3) reports. In Paper 4 we
probed and analysed the CVs in these fields as counterparts
of potential historical novae. As in historical cases only an
appearance or disappearance is reported, the nature of the
event is never certain. Therefore, with this paper we’ve come
? E-mail: susanne.hoffmann@uni-jena.de (PAF, FSU)
full circle by analysing the alternative counterparts in case
the certain event was not caused by an eruption in a cata-
clysmic variable: We query databases for alternative object
classes able to flare up to naked eye visibility – other types
of novae and other types of stellar transients.
1.1 Previous work
Earlier efforts to locate and determine the nature of obser-
vations in historical records have most industriously and fa-
mously been provided by F. Richard Stephenson (Stephen-
son 1976; Clark & Stephenson 1977; Stephenson & Green
2002; Green & Stephenson 2003, 2017) and his colleagues,
e. g. Green (2019); Yau (1988), with the focus of supernovae.
Other scholars used Stephenson’s results for further studies,
e. g. Duerbeck (2008); Shara et al. (2017a); Paper 2 on clas-
sical novae or Fujiwara (2003); Fujiwara & Yamaoka (2005)
on the long-term variability of stars. Paper 2 pointed out
some common misunderstandings of Stephenson’s work, es-
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pecially the interpretation of the positions in his catalogues
as point coordinates instead of centres of areas. To these ar-
eas, we applied error circles with a radius of 4◦ derived from
known historical supernova identifications (Paper 3, Tab. 6).
By re-interpreting the historical texts we also added some
further records from Stephenson’s predecessors in the efforts
of collecting records of transients and extracting catalogues
of diverse types from them (Hsi 1957; Ho 1962; Xi & Po
1966; Pskovskii 1972).
In a preliminary study, Paper 1, Tab. 3 and 4 estimated
the amount of classical novae we expect to be observed
within 2.5 millennia (the range of somehow reliable his-
torical text records) and kindled a study of the historical
records with a focus on the life of cataclysmic binaries af-
ter their eruption (Tappert et al. 2012). This was performed
by Paper 3 investigating the questions of naked eye visibility
(Fig. 3 therein and Protte & Hoffmann (2020)) of classical
novae and defining search fields (Tab. 2 and 3 therein) for
the modern counterparts of historical transients.
1.2 Motivation
Historical observations of transient phenomena may help to
develop models of evolution of stellar systems – close binaries
with white dwarfs (Shara et al. 1984; Patterson et al. 2013;
Miszalski et al. 2016; Duerbeck 2008; Shara et al. 2017b),
neutron stars (Schlier 1935; Mayall & Oort 1942; Baade
1943; Morgan 2007), or other systems with two components
in a common envelope or any type of strong eruption. They
also could help to understand the evolution of planetary neb-
ulae, nova shells, and supernova remnants: The age deter-
minations of these objects are rather uncertain. A historical
observation which enables us dating the appearance within
a month or within a certain ‘reign period’ (a couple of a few
years) would narrow the observational error bars, usually be-
ing in the order of decades to millennia, cf. e. g. (Reynolds &
Borkowski 2019; Stafford & Lopez 2020) and the age ranges
given in the catalogue of supernova remnants (Ferrand &
Safi-Harb 2012).
Summarizing, there is a strong wish to enlarge the tem-
poral range of usable observations on the one hand but huge
uncertainties and difficulties in interpreting the few histor-
ical data points on the other hand. Nevertheless, Paper 4
investigated the search fields derived from text interpreta-
tion to determine if a CV could produce a naked-eye nova.
In most cases, we could find candidates.
1.3 Difficulties and open questions
From the historical point of view, there are the follow-
ing difficulties (Paper 2):
• Historical observers usually did not understand what
they saw. So they did not apply our scientific standards in
their reporting and follow-up observing.
• Many historical observations are lost, so we do neither
have a complete set of observations nor a set of astronomical
diaries (except from Babylon) and cannot reconstruct light
curves of the historical sightings.
• Most of the preserved records are not preserved in scien-
tific context but in copies of copies of copies of interpretation
and selection by chroniclers.
• The vocabulary which was common to describe an ob-
servation changed many times during history. Thus, the ex-
act terminology applied in a historical record is (i) not nec-
essarily the original one (because the chronicler some cen-
turies later might have used a different term than the orig-
inal record of observation) and (ii) not necessarily the one
we would use today.
• Some historical ‘science cultures’ did not report tran-
sient phenomena at all or not in astronomical context be-
cause they believed them to be something like weather.
Thus, the preserved collection of such records is far from
complete – but the absence of observation is not the obser-
vation of absence of a certain phenomenon (e. g. eruptions).
• The biggest text corpus of records of transients is pre-
served from the Far East because the Chinese astral science
and derivative astral science cultures, e. g. Korea, Japan, and
other former colonies of China, served the belief that tran-
sients indicate something of political importance: The Chi-
nese asterisms are considered as a projection of all areas of
political and social life into the sky (there are, e. g. the aster-
ism of the Celestial Market Place representing the people or
the asterism of the Forbidden Palace with the houses of the
emperor, the empress, the crown prince, the other children,
the maids and servants, the highest officers and ministers of
the state). The transients – no matter of their astrophysi-
cal nature – were believed to indicate that something (good
or bad) happens or will happen to the group which is rep-
resented by the asterism in which it appeared. Thus, there
was a strong focus for the astronomical observers to look for
and report transients.
• In many cases the position is given very imprecise: For
the divine purpose, mainly the constellation was important
and not a certain star with known coordinates. Luckily,
many Chinese constellations are much smaller than the IAU-
constellations. Some only consist of two or three stars – but
still there are some really huge ones, e. g. the asterism of
the Forbidden Palace covers almost the whole circumpolar
region.
• An observation by astronomers of different cultures who
usually use different constellations could help to improve the
positioning of the observation by using the intersection of
the reported constellations (Neuha¨user et al. 2018). In many
other science cultures, the ‘research focus’ was different and
was triggered by other religious beliefs. Thus, a Far Eastern
record is often not confirmed by an observation in other
cultures.
• The chronicles do not preserve all transients but only
those which later turned out to predict something correctly
and which could, therefore, be used to narrate the (hi)story.
From the astronomical point of view: Due to the
lack of historical follow-up observations of appearances, even
in the cases with only few counterpart candidates, it is not
certain that the transient really was a classical nova and
not a supernova or something else. Due to the brevity of
the historical records in our sample list (Paper 3) and the
resulting inability to reconstruct (or at least estimate) light
curves, the nature of an event remains always uncertain. We
already excluded the currently known Mira stars because of
their faintness (Paper 1) but all other possibilities need to
be checked.
Thus, the present study investigates alternatives: Could
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it be that an event of our shortlist possibly refers to a super-
nova instead of a nova? If we did not yet find a best candidate
CV: Is there possibly a planetary nebula in the field with a
close binary in its centre? Could one of the planetary neb-
ulae in the field be misclassified and turn out to be a nova
shell? The genesis of a planetary nebula normally is a long
process and not accompanied by a brightening of the sys-
tem but are there other types of evolution in such a system
which could cause a sudden appearance and disappearance?
Are there symbiotic binaries (Z And-type) which could have
erupted as classical nova?
2 CANDIDATE TYPES
This section is dedicated to summarizing the relevant quali-
ties of symbiotic binaries, PNe, PSRs, SNRs, X-ray binaries
that are important for our study. Additional object classes
which could be relevant to explain historical guest stars are
still missing: Currently, we do not regard variables with
small amplitudes, Be-flares or with unpredictable behaviour
and we do not yet probe for possible microlensing events.
2.1 Planetary nebulae
There are two reasons for regarding PNe: (i) The nebula
could be misclassified as PN and indeed be an SNR (as in
case of the Kepler SNR) or nova shell (as in case of PN
Te 11). (ii) Even a planetary nebula or its central star could
have flared up but for longer timescales than considered here:
There are rebirth scenarios for PNe as observed for Abell 30
and diffusion induced novae (DIN) like suggested for CK
Vul, the Nova 1670, (Miller Bertolami et al. 2011a) before
Kamin´ski et al. (2015) came up with the hypothesis of a ‘red
transient’, i. e. the remnant of a star merger.1
2.1.1 PNe as indicators for historical flares
The genesis of a PN is normally a long process over millen-
nia and millions of years and not accompanied by a single
short-term flare of the star. Thus, a definite PN is rather
uninteresting for the study of historical transients. The es-
timate of the kinematic age of a nebula only indicates when
the process started. However, the complex structure of plan-
etary nebulae includes layers of younger events. If parts of
it result from processes only some thousand years later, i. e.
in historical epochs, one could speculate that there might
have been an additional eruption or a rebirth (Blo¨cker 2003)
which had been observed as a guest star. Particularly in-
teresting are processes which could cause a brightening of
the compact central stars (CSPN): CSPN could be white
dwarfs (WDs), binaries containing a WD, or Wolf-Rayet
stars (WR). The majority of CSPN Wolf-Rayet stars are of
nitrogen type (WN) but there are also cases of the carbon
type (WC).
1 Nova 1670 Vul was observed and described by several European
astronomers including th most famous observations by Hevelius
in Poland. They describe strong variability for roughly two years
before the object faded away from view completely. This is an
extraordinarily well described sighting and seems to be explained,
which is why it is not included in the scope of our paper.
In some rare cases, central stars of PNe experience a
very short second life when nuclear fusion is kindled again
in the shell of the hot pre-white dwarf star (He-shell flash)
(Herwig et al. 2006; Todt et al. 2015). These rebirth scenar-
ios evolve on timescales of years. They are, thus, in principle
interesting for the search for counterparts of historical ‘new
stars’ such as Nova 1670 Vul and the events without given
duration but not in the cases of our selection with given
durations of only several days.
The remaining option to flare up a CSPN would be dif-
fusion induced novae (DIN) (Miller Bertolami et al. 2011b)
which could possibly explain the observed properties of
[WN/WC]-central stars of PNe. DIN are rare cases where the
central star experiences a very late thermal pulses (VLTP),
properly known only for a handful of events (V605 Aql,
V4334 Sgr, NSV 11749): Initially, they increased in bright-
ness more than 3.5 mag in V, then showed a steady stage
of brightness at maximum and then completely faded away
from view rather quickly with a R CrB-like decline and
carbon-dust emission. However, this evolution takes place
on the timescales of a few years (observed cases: 6.3 and
4.4 years) and is, thus, also not urgently relevant for those
of our selected guest star events with a given short duration.
2.1.2 Examples and criteria for misclassified PNe
Circularly shaped nebulae are often classified as ‘planetary
nebulae’ at first glance and only further investigations show
the true nature of the object. The most famous case is prob-
ably the remnant of Kepler’s supernova: It had been enrolled
in the Catalogue of Galactic planetary nebulae (Kohoutek
2001) before it was unveiled as ‘not PN’ (Frew et al. 2013)
but it is also suggested as ‘not SNR’ (Acero et al. 2016).
Further, there is relatively high likelihood for a misclas-
sification of a nova shell as planetary nebula (PN) (Miszal-
ski et al. 2016; Frew et al. 2013; Shara et al. 2017b). This
is caused by the high similarity of these types of nebulae.
Both can have a central stellar remnant and show similar
chemical abundances. They even show the same forbidden
lines in the spectrum (Kwok 2007).
The only criterion to distinguish between the two cat-
egories seems to be the expansion rate because the initial
momentum at nova eruptions (thermonuclear runaway on
the surface of a white dwarf) is larger than the initial mo-
mentum of the red giant thermal pulsation driven ejecta or
the final repulsion of outer shells of an old star as planetary
nebula. Therefore, the average expansion rates of nova shells
should be higher than for PNe by a factor of 10 to 30. How-
ever, all physical quantities are observed in distributions,
most expansions are decelerated with time, and the average
value can only give an impression or suggest a tendency and
is never a final proof. A fast planetary nebula and a slow
nova shell could be exchanged; it will always need a closer
inspection of the individual objects. In our study, we aim to
lay the foundation for further observational research.
2.2 Apparent pairs of nebulae and close binaries
2.2.1 Fraction of PNe with central binaries.
According to (Warner 1995, p. 452), ∼ 13% of PN are known
to have binary nuclei and at least 17 % of late F and G
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Table 1. Proper motion (pm) and parallax (plx) of the bright-
est known classical novae (Vmax ≤ 4 mag). The proper motion is
the sum of the two components in right ascension and declina-
tion. The table shows that these objects at average distance of
1,042 pc move less than a minute of arc within the given timespan
of 2,500 years.
plx pm in 2500 years
Nova in mas mas/year arcsec
V603 Aql 3.19 14.77 36.9
V1369 Cen 3.64 20.71 51.8
V1500 Cyg 0.777 8.45 21.1
HR Del 1.04 9.47 23.7
DN Gem 0.729 4.39 11.0
DQ Her 2.00 12.46 31.1
V446 Her 0.744 6.76 16.9
V533 Her 0.83 1.67 4.2
CP Lac 0.86 8.64 21.6
GK Per 2.26 18.46 46.1
RR Pic 1.95 4.78 12.0
CP Pup 1.23 3.00 7.5
V598 Pup 0.47 7.32 18.3
stars are expected to undergo a common envelope evolution.
Newer results estimate much larger binary fraction of CSPN
of 60 − 80% (Boffin & Jones 2019, p. 72). Given a fraction
of binarity for main-sequence progenitors of (50 ± 4)% and
their observed sample of 35 CSPNe Douchin et al. (2015)
derive a fraction of (40 ± 20) to (62 ± 30)% in I and J band,
respectively (Douchin 2015). As the fraction of binaries is
independent from our observational filter, we use a binary
fraction of CSPNe of 62% because many of the I band bina-
ries could also be visible in the lower energy J band. They
point out that including white dwarfs and other ‘evolved,
hot companions, which may constitute up to a quarter of
all companions,’ might increase the binary fractions by 13
and 21 points respectively. This is still compatible with the
summary in the book Boffin & Jones (2019, chap. 6.1). For
our study, this means that we expect to find 13 to 21 % or
up to a quarter of the planetary nebulae with central star
white dwarf.
2.2.2 Search for misclassified PNe.
In case of wrongly categorised nova shells, we expect to find
a CV within or in close vicinity to the gaseous nebula which
is classified as PN. For our search for explanations of his-
torical sightings, we are interested only in those CVs which
could have caused an eruption to naked eye visibility. As
the temporal range of the observation of guest stars is only
∼ 2, 500 years, the CV which caused the nova remnant should
not have a big distance to the centre of the shell. The an-
gular separation of the CV and the shell centre depends on
the difference of their proper motions. The maximum proper
motion known of any star (Barnard’s star) takes the object
7.◦2 in 2,500 years but as the nova shell originates from the
moving star the difference of their proper motion is only
the (added or subtracted) component of the CV’s proper
motion change due to the eruption and the accompanying
repulsion of material. This difference in proper motion will
separate the CV and its shell only a few seconds of arc within
2,500 years or in rare cases maybe a few minutes of arc.
Tab. 1 lists the proper motions of the brightest known no-
vae and the maximum value of a shift of 51.′′8 within 2,500
years; the difference to the motion of the nova shell would
be even smaller. As the proper motion of a star does not de-
pend on the stellar type and eruption behaviour, this table
only represents a random subset of stars. The table gives an
impression that small angular separations between PN and
CV can be applied as our selection criterion.
However, as we are neither certain that our historical
sightings were caused by classical novae nor that the caus-
ing object’s distance is at a distance of the order of typical
known nova parallaxes, we decided that our method should
probe the field of 1◦ around each PN centre for CVs, XBs,
and symbiotic binaries. In a second step, we, then, selected
subsets of smaller angular separations, starting with the se-
lection of apparent pairs closer than 10′ for the discussion
in this paper.
2.3 Symbiotic stars
When the first symbiotic binaries were discovered in the
1930s (AX Per and CI Cyg), their spectra were puzzling
scholars because they show features of most different types:
Their emission lines were similar to those of PN and they
exhibit TiO bands like only the very cool M giants and He ii
(4686) which was known as typical for very hot O-type stars
(Munari 2019). This featuring explains that nebulae of sym-
biotic stars have a high potential to be initially misclassified
as PN and that their central stars are binaries.
According to Bode & Evans (2008, p. 239) symbiotic
novae are the direct link between cataclysmic variables and
symbiotic stars; they originate in cataclysmic binaries with a
red giant as donor (Darnley 2019). The symbiotic stars of the
so-called Z And type comprise an inhomogeneous group of
close binaries consisting on a compact component (normally
a white dwarf or neutron star) and a late-type giant or super-
giant. Their orbital periods are of the order of 2 − 3 years
and their light curves show irregular, sometimes Mira-like
variability with amplitudes of ∼ 4 mag at time scales similar
to their orbital period. A symbiotic star primary accretes
material not only by Roche lobe overflow but also by strong
wind emission from the red giant star. A recent review on
symbiotic stars is given by Munari (2019).
As in symbiotic stars the donor, a red giant, could cause
a rather large mass transfer rate, nova eruptions could hap-
pen more frequently, as in the recurrent novae. Indeed, there
are striking similarities between symbiotic stars and recur-
rent novae (Nr), i. e. novae with more than one single erup-
tion observed. In a recent review on Nr type novae (Darnley
2019) subdivides them into three classes:
(i) the RS Oph class (sometimes also called T CrB class
(Warner 1995)) with Porb = 225 − 520 d,
(ii) the U Sco class with Porb ∼ 1 day,
(iii) and two known cases with even much smaller Porb ∼
0.1 d, called T Pyx class by Warner (1995).
The latter two belong to the CVs, while the members of the
RS Oph class contain red giant secondaries, the same config-
uration as the Z And class. In addition to the class Nr, there
are also some classical novae (classified as Na, Nb and Nc
according to their speed of decline) which might be related
to the symbiotic stars: The VSX catalogue lists a total of
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13 novae with orbital periods between 192 and 1011 d, five
of them are recurrent novae (T CrB, V407 Cyg, RS Oph,
V3890 Sgr and V745 Sco), three are rapidly declining novae
of Na-type (KT Eri, GR Sgr and V1187 Sco) and the remain-
ing five cases are extremely slowly declining novae of class
Nc (V1329 Cyg, V2110 Oph, HM Sge, ASAS J174600-2321.3
and PU Vul).
The average total eruption amplitudes of Nr novae is
9.5 mag, of Na novae 9.8 mag and that of Nc novae only
7.2 mag (with extrema between 5.0 mag and 11.2 mag con-
sidering all 13 cases). All these amplitudes are significantly
smaller than those of most of the classical novae with am-
plitudes of up to 13 mag, cf. Paper 1, Fig. 1.
It should be emphasised that three of the above-
mentioned novae had been naked eye objects: T CrB
(2.0 mag), RS Oph (4.3 mag) and KT Eri (5.4 mag). There-
fore, it seems to be quite possible that some of the objects
nowadays catalogued as Z And stars had generated a nova
eruption during the past 2,500 years.
2.4 X-ray binaries
There are three main types of X-ray binaries: low mass
X-ray binaries (LMXB), intermediate-mass X-ray binaries
(IMXB), and high mass X-ray binaries (HMXB). These sys-
tems are binaries with mass transfer between the partners
where the accretor is a compact object, i. e. neutron star,
black hole, or white dwarf. The donor can be of O-, B, Be-
type or supergiant for a HMXB, of A- or F-type for the rare
IMXB and of dwarf star, white dwarf, or evolved star for
LMXB. The source of the X-ray emission can be the accre-
tion disk or the surface of the compact object. Occasionally,
point sources like Seyfert galaxies and quasars are (acciden-
tally) listed among the HMXB and will be found with our
query.
Initially, we considered mainly the subset of XBs which
could erupt as classical novae (Paper 4). In this paper, look-
ing for all possibilities of flaring up, we include all types of
X-ray binaries in the initial query and, then, filter those of
them which are able to brighten in visual wavebands. Ac-
creting black holes, e. g. could show flares also in optical
pass bands like in the cases of the double-back hole blazar
OJ287 listed as X-ray source in the catalogue (Massaro et al.
2009) but of which optical observations are known since 1900
(Hudec et al. 2013) or the HMXB with black hole V4641 Sgr
(AAVSO light curve peaks at 12.8 mag, VSX even enrolls
a report of 9.1 mag in V). The existence of stellar black
holes in naked eye multiple star systems has been proven by
the discovery of the not accreting stellar BH in the naked
eye triple system QV Tel (Rivinius et al. 2020), ∼ 5.3 mag
in quiescence. These examples demonstrate the optical de-
tectability of X-ray sources and black holes.
2.5 Supernova remnants and pulsars
Additionally, we checked our search circles for supernova
remnants (SNRs) or pulsars (PSRs). Out of the eight
known historical supernovae which we used as comparison
in our earlier papers, only three are associated with pul-
sars (Tab. 2): SN 1054, SN 1181, and SN 386 are matched
(or suggested to match) with the pulsars PSR J0534+2200,
PSR J0205+6449, and PSR J1811-1925, respectively. These
pulsars have spin periods of 33.392 ms, 65.716 ms, and
64.667 ms and typical slowing rates leading to character-
istic ages τc of 1.26 · 103, 5.37 · 103, and 2.33 · 104 years,
respectively.
To derive the characteristic age τc = P/2 ÛP, it is assumed
that the pulsar spins down by pure magnetic dipole braking
and that the initial spin period is negligible compared to
the present period. Therefore, the characteristic age usually
overestimates the true age. With regard to the numbers in
Tab. 2 it is clear that τc gives only the correct order of
magnitude, i. e. 103 to 104 years for supernovae in the past
2 millennia.
However, in many cases the deceleration rate and, thus,
the characteristical age τc of a PSR is unknown. Based on
our current knowledge of PSR evolution, we can only judge
that PSRs with long periods P (seconds) and τc of 105 − 107
years are highly unlikely but we cannot exclude them.
Only the millisecond pulsars (MSP) with τc of the or-
der of 107 to 1010 years can be excluded. They are ‘reborn’
pulsars that spun up due to accretion for many centuries
or millennia. Thus, they are certainly too old for our short
historical timespan which is not enough time for a pulsar to
accrete enough material to experience a rebirth. MSPs are
characterised by an extraordinarily short period < 16 ms
(Thorsett et al. 1993; Nice 1995; Ray et al. 1996; Hobbs
et al. 2004) and a very modest change of this fast rotation
which leads to the high characteristic age > 107 years.
Our careful revision of all objects found in our search
circles will, therefore, use the characteristic age of pulsars
as an upper limit but there is no proper criterion to decide
whether or not a certain pulsar might have caused a histor-
ical event; it is only a likelihood.
3 METHOD
3.1 Workflow
There are several catalogues for planetary nebulae, e. g.
Perek & Kohoutek (1967); Aller & Keyes (1985); Kohoutek
(2001); Parker et al. (2006); Frew et al. (2013), several cat-
alogues of supernova remnants, e. g. Green (1988); Ferrand
& Safi-Harb (2012); Anderson et al. (2017); Green (2019),
catalogues of pulsars, e. g. Hulse & Taylor (1974); Thorsett
et al. (1993); Ray et al. (1996); Manchester et al. (2005).
Some of them enroll only a certain type of these objects,
e. g. only young or only old PN, only millisecond pulsars or
only those discovered by a certain instrument, only Galactic
SNRs or only those discovered in radio band. In order to be
not in any way biased by such a pre-selection and get the
maximum amount of possible objects of the wanted type,
we chose to extract our lists from databases (VSX, Simbad)
which are known to output much more than needed, many
suspicious and questionable objects of any type and even
old classifications. This way, the chance of missing a possi-
ble target is minimised but a careful manual consideration
of the output is required.
Step 1: We extracted the current list of known plan-
etary nebulae (PNe) and PN candidates, supernova rem-
nants, and pulsars from the CDS Simbad database (Wenger
et al. 2000), the current list of known cataclysmic variables
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Table 2. The currently known historical supernova remnants, the likelihood of their identification with the given event, their pulsars
with their periods P and characteristic ages τc .
U Manitoba cat. ATNF cat.
year SNR PSR P/s ÛP τc/yr
185 G315.4-02.3 probable –
386 G011.2-00.3 suggested PSR J1811-1925 0.064667 4.4 · 10−14 2.33 · 104
393 G347.3-00.5 probable –
1006 G327.6+14.6 certain –
1054 G184.6-05.8 certain PSR J0534+2200 0.0333924123 4.21 · 10−13 1.26 · 103
1181 G130.7+03.1 probable PSR J0205+6449 0.06571592849324 1.94 · 10−13 5.37 · 103
1572 G120.1+01.4 certain –
1604 G004.5+06.8 certain –
(CV), X-ray binaries (XB), and symbiotic stars (ZAND)
from the VSX database of the American Association of Vari-
able Star Observers (Watson et al. 2006). We used the query
for otype (object type) ’PN’ and ’PN candidate’ in CDS Sim-
bad to obtain the current catalogue of planetary nebulae and
otype=’SNR’ and ’PSR’ for supernova remnants and pulsars.
There is a huge number of extraGalactic SNRs, of misclas-
sified PNe and PN candidates which has to be filtered in a
later step when considering the objects in our search fields in
more detail and study the literature on them. In known cases
of misclassification there is a note in Simbad that the object
is considered ‘not a PN’. We found a total of 23,188 plane-
tary nebulae (including the candidates), 2,904 PSRs, 2,120
SNRs, 12,889 CVs, 186 XBs (including both, low-mass and
high-mass XBs), and 286 symbiotic stars of Z And type.
Step 2: In the next step, we mapped the full lists of
objects into our star charts from Paper 3; Paper 4 and found
plenty of objects in each of our search fields (see Online-Only
Appendices for the maps). The manual genesis of Tab. 4 and
5 from our interactive maps is a more sophisticated method
than the earlier described VSX-probing with search circles
(Paper 4). This method also applies for queries in other
databases and it allows to have the same perspective as the
ancient astronomer describing the position of the considered
object in one or another asterism. However, the search cir-
cle coordinates as provided in Paper 3 still serve for a quick
reproduction.
Step 3: Searching close apparent pairs of PNe and com-
mon envelope binaries, we first computed all angular sepa-
rations of all these pairs in the sky. Second, for the close
pairs in our search fields we did a literature study, tried to
find out the spacial distances in order to identify possible
real pairs.
The algorithm of our analysis is displayed as flowchart
in Fig. 1. The apparent 2D distances are computed as an-
gular separation ζ (orthodrome):
ζ = arccos
(
sinDEneb sinDEstar +
+ cosDEneb cosDEstar · cos(RAstar − RAneb)
)
, (1)
where RA is the right ascension, DE the declination and
the indices ‘neb’ and ‘star’ stand for the nebula classified as
(possible) PN and the common envelope binary, respectively,
and the star could be a CV, an X-ray binary or a symbiotic
system.
Step 4: After computing the angular separations of all
pairs which are smaller than 1◦, we threw out all binaries
which are too faint to brighten up to naked eye visibility.
Figure 1. Flowchart of the process of evaluation: The input of
‘neb’ is the joined table of ‘PN’ and ‘PN candidates’ in Simbad
and ‘stars’ is the joined table of all CVs, X-ray binaries and sym-
biotic stars currently registered in the VSX. ζ is the orthodrome
as defined in Equation 1.
For the CVs, we applied our limit of 18 mag defined in Pa-
per 3; Paper 4 while for the symbiotic stars, we argued above
that to our current knowledge even > 14 mag could unlikely
become visible for naked eye observers.
Step 5: Finally, a careful individual revision of the ob-
jects in our search fields (Tabs. 4 and 5) is needed. Therefore,
we developed the following procedure:
(i) Check the ATNF Pulsar Catalog (Manchester et al.
2005) for the characteristic age τc of the pulsar (which pro-
vides an upper limit for the time of the supernova),
(ii) Check the supernova remnant catalogue provided by
the University of Manitoba (Ferrand & Safi-Harb 2012)
whether an age estimates of the SNRs in the field are given,
(iii) Find out or compute the kinematic age object clas-
sified as ‘PN’:
(a) Check if the real expansion rate of the particular
object has already been determined.
(b) If yes: Find discussions in the literature (whether it
is almost certainly a PN and not a nova shell, whether it
could have experienced a DIN or rebirth).
(c) If not: estimate age with typical rates:
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age estimate from typical expansion rates of plane-
tary nebulae: 42 km s−1, (Jacob et al. 2013)
age estimate in case of typical expansion rates of nova
shells: 500 to 1200 km s−1, (della Valle et al. 1997) and
(iv) Check if this age could possibly fit the time of the
historical record.
Step 6: Conclude whether or not one of the PNe, PSRs
or SNRs found in the field could fit better than the others
or even better than the CVs found there and suggested in
our (Paper 3; Paper 4).
This conclusion is briefly summarised in Tab. 9.
3.2 Test of the Close-Pair-Method
The Tab. 3 displays the findings of apparent close pairs (sep-
arated ≤ 50′′) all over the sphere: 14 out of 18 CVs are clas-
sified as novae, line 13 of this table is in our search field for
1437 and will be discussed later as chance coincidence. Also,
the first five entries are all within the Andromeda Galaxy
(M31). The case of GK Per, the bright Nova 1901, shows
that this object and its nova shell which is obviously mis-
classified as PN is found with an angular separation of 0.′′03.
We resume, that the method of searching close pairs of
nebulae and CVs generally works fine but returns several
misclassification and chance coincidences in areas with high
apparent object density. Concluding, it requires a careful
handpicking after the computation which provides a first
filter. This discussion is presented in Section 5.3.
3.3 Distribution of our targets and expectations
The cataclysmic variables are distributed almost isotropi-
cally on the celestial sphere. In our previous papers, there-
fore, our statistical expectations from Paper 1 matched the
totals of CVs in our search fields in Paper 4. With regard
to the given distribution, this will not be the case for the
consideration of PNe and SNRs because of their stronger
concentration at low Galactic latitudes: see Fig. 2.
Fig. 2 shows the distribution of known SNRs and PSRs
on the sphere: While more SNRs are known in low Galac-
tic latitudes, PSRs are expected to distribute isotropically
because within their lifetime of usually 106 − 107 years they
can travel far away from the Galactic plane. Our knowledge
might only be biased by observational methods such as the
range and field of view of our surveying instruments, cf. e. g.
Hulse & Taylor (1974); Nice (1995); Burgay et al. (2006);
Levin et al. (2013) on Arecibo observations.
In our search fields (cf. Fig. 3), we expect to find only
few SNRs but some PSRs.
This distribution of PN and PN candidates also effects
our findings of pairs of small angular separations: Of course,
they will have a higher density at the low Galactic latitudes
where more nebulae of any type are known.
On the whole sphere, we found a total of 42,006 pairs
of PN-CV with angular separations < 1◦ and 2,561 PN-
symbiotic pairs. This number is higher than the total of sym-
biotic stars (286) because at dense areas such as the Galactic
bulge, M 31 and the Magellanic clouds, some stars are close
to more than one PN centre. Among the 42, 006+2, 561 close
Figure 2. Distribution of supernova remnants and pulsars (top)
and nebulae classified as (possible or true) planetary nebulae (bot-
tom) in Simbad, equatorial coordinates, equinox 2000. Clearly
visible is a concentration of the nebulae in low Galactic latitudes.
SNR: red ‘O’, PSR: blue ∗, PN: cyan , possible PN: light blue
⊗.
RA
DEC
012h
RA
DEC
012h
Figure 3. The distribution of the considered planetary () neb-
ulae with nearby CV (♦) and our search fields (circles) in rect-
angular projection. The concentration of PN in vicinity of the
Galactic plane and the broader distribution of our search fields
explains the small profit of this search compared to the number
of pairs all over the sphere (equinox: 2000).
pairs, 5, 617+ 233 pairs have distances smaller than 10′. The
map in Fig. 3 shows their distribution on the sphere and
with respect to our search fields.
The comparison of the places of our search fields with
the distribution of close pairs (Fig 3) and with the distribu-
tions of the nebulae (Fig. 2) explains the brevity of object
lists for the considered historical events.
4 RESULTING DATASETS FOR THE
HISTORICAL ANALYSIS
The lists of PNe, SNRs, and PSRs in our defined search fields
for the historical events was generated manually in the fol-
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Table 3. Closest pairs of nebulae and CVs, i. e. pairs which are separated by less than 50′′.
id PN name RA2000 DE2000 CV name CV type const. dist/ arcsec commentary
1 [MMD2006] 1458 10.4142 41.0637 Rosino N 39 NR: And 21.3567 in M31
2 [AMB2011] 140 10.4208 41.0649 Rosino N 39 NR: And 17.0276 in M31
3 [AMB2011] 148 10.4388 41.059 Rosino N 39 NR: And 49.7265 in M31
4 [MMD2006] 1441 10.4229 41.0468 Rosino N 39 NR: And 48.7448 in M31
5 [MMD2006] 1449 10.4113 41.0577 Rosino N 39 NR: And 26.6695 in M31
6 V* FT Cam 50.3097 61.0907 FT Cam UG Cam 0.0335289
7 V* GK Per 52.8 43.9043 GK Per NA/DQ+UG Per 0.0328169 Nova 1901
8 EGB 4 97.3915 71.0768 BZ Cam NL/VY Cam 0.877421
9 V* CP Pup 122.942 -35.3514 CP Pup NA/DQ Pup 0.0449627
10 PN G326.9+08.2 229.576 -47.6411 USNO-B1.0 0423-0551514 N: Lup 0.677654
11 PN HaTr 5 255.367 -43.0986 GDS J1701281-430612 NA+UG/DQ+E Sco 17.2775
12 NOVA Sco 1949 261.535 -39.0674 V0902 Sco N: Sco 2.12569 known nova
13 PN G009.8-07.5 279.095 -23.9217 OGLE-BLG-DN-1057 UG Sgr 49.7593 in M22
14 V* V4368 Sgr 283.668 -19.6999 V4368 Sgr NC: Sgr 0.114261
15 V* HM Sge 295.488 16.7444 HM Sge NC+M Sge 0.270039
16 EM* AS 373 299.271 39.8267 V1016 Cyg NC+M Cyg 0.329677
17 V* V1329 Cyg 312.755 35.5817 V1329 Cyg NC+E Cyg 1.02141
18 PN G088.0+00.4 315.52 47.1708 IPHAS J210205.83+471018.0 NL Cyg 11.8268
lowing way: We plotted our star charts for these fields by
using our maps (cf. Appendices) in interactive Computable
Document Format (CDF) displaying the names of the ob-
jects within our search fields with mouse-over labels.
Then, we denoted the names of PNe and PN candi-
dates in the search fields (manually) and added to this list
the data from the original list from the Simbad query in
order to obtain our selection table. The resulting lists of
PN in our search fields is given in Table 4. This process of
plotting all known nebulae into the charts with our search
circles also allows to see and judge quickly if the object in
the circle really fulfills further conditions where applicable.2
Additionally, it allows to see the density of this object type
in the considered area and to see if there is an object slightly
outside our search circle which could possibly also be taken
into account – by turning a blind eye to the limits of our
intended search fields.
A similar algorithm we applied for supernova remnants
and for pulsars. The complete dataset downloaded from CDS
Simbad was plotted in maps of CDF format and together
with our search circles. These maps are shown in Appendix B
and the resulting list of objects in these fields is displayed
in Table 5.
4.1 Supernova remnants and pulsars
The characteristic ages τc of the PSRs listed in Table 5
are 105 to 1010 years, among which we excluded those with
τc > 107 as millisecond pulsars, cf. Sect. 2.5. The others
are discussed in more detail in Sect. 5.3. The object with
the lowest τc is SNR 3C 58, the remnant suggested to be
identified with SN 1181 Kothes (2013); we will discuss this
alternative in Sect. 5.3.
4.2 Symbiotic stars
To our current knowledge, there are 286 Z And-type stars at
the whole sky and 105 of them fulfill the naked eye brightness
conditions if they undergo today a typical nova eruption.
2 In Paper 3 on the CV search, we needed to check this in an
additional step of evaluation after the catalogue query.
Approximately half of them, i. e. ∼ 50 of the bright ones,
have a nebula nearby.
The corresponding search in our search fields with
the VSX-extracted dataset of symbiotic binaries led to 13
Z And-type stars in our search fields out of which at least
five are definitely too faint because they do not pass our
14 mag-limit for being able to brighten up to naked eye vis-
ibility. They are labeled as ‘too faint’ in the last column of
Tab. 6.
All 13 binaries are listed together with their distances
and estimates of absolute V magnitude at maximum light.
Distances are calculated from the parallaxes of the Gaia Col-
laboration et al. (2018) for targets with reasonable accuracy
(error ∼ 10% of the parallax value). For targets with errors
up to 30 % of their parallax values we only give minimal
distances, based on the sum of the parallax value and its
error. For the remaining targets in Tab. 6, no useful Gaia
parallaxes are available. All absolute magnitudes given in
Tab. 6 refer to the average value of the magnitude range
listed in the VSX catalogue (see 9th column of this table);
they should be considered as lower limits as no correction
for the interstellar absorption was applied.
4.3 Close apparent pairs of PN-CV in our search
circles
Considering only the close pairs (distances ≤ 10′) and plot-
ting them into our maps of the 22 most promising historical
events, we found only seven pairs (see Tab. 7). The maps of
the above mentioned pairs are depicted in Fig. 4.
5 DISCUSSION OF THE EXTRACTED DATA
In sum, we found the number of objects to be considered per
event as displayed in Table 8. These findings are discussed
in the following subsections. Only one object of the above
types is currently in the search fields of −4, 1430, and 329.
Their likelihood in comparison with the CV findings of our
earlier paper is discussed in the Section 5.3.
MNRAS 000, 1–21 (2020)
Nova or Supernova? Revisiting guest stars 9
Table 4. Complete list of Planetary Nebulae and (uncertain) candidates for PN in the search fields. These objects are discussed in
Sect. 5.3.
id year idy name type Vmag RA2000 DE2000 commentary
1 -47. 1. PN M 3-32 PN ∼ 281.17929 -25.35967
2 -47. 2. PN M 3-33 PN 13.2 282.0505856040811 -25.4812284601227
3 -47. 3. PN H 2-48 PN 13. 281.6463291650335 -23.4467352040472
4 -47. 4. PTB 32 PN ∼ 281.29250 -23.36103
5 -47. 5. EM* AS 327 Sy* 13. 283.3194315721339 -24.3830013641234 not a PN
6 70. 1. IRC +10216 C* 10.96 146.989192 +13.278767
7 70. 2. EGB 6 PN 15.999 148.2457782097270 +13.7429512703335
8 70. 3. [MCG2003] Leo A PN 1 PN? ∼ 149.882 30.7578
9 70. 4. [SHK91] Leo A 3 PN ∼ 150.1292 +30.7567
10 70. 5. [MCW2002] SexB PN1-4 PN ∼ 149.98542 +05.32486
11 329. 1. M 97 PN 15.777 168.6988020921600 +55.0190237014077 fits well the text position
12 641. 1. [JCF90] NGC 4382 1-102 PN? ∼ 186.364 18.1853 NGC 4382 is a galaxy with plenty of PN
13 667. 1. V* V1023 Tau TT* 12. 064.6959567123343 +28.3354139798600 likely not PN (but T Tau)
14 667. 2. NGC 1514 PN 9.48 062.3207738739905 +30.7759638713768 CSPN
15 667. 3. HD 281789 * 10.16 063.3334338780734 +31.1798011515431 not PN but type A1 star
16 667. 4. PN K 3-66 PN ∼ 069.15512 +33.65833 pre-PN with dust lane
17 667. 5. PN H 3-29 PN ∼ 069.348188 +25.045528 PN with dust
18 667. 6. CoKu Tau-Aur Star 4 TT* 14.68 070.3200442605474 +28.6666881037394 likely not PN (but T Tau)
19 667. 7. 2MASS J04595608+2706020 Sy2 ∼ 074.983696 +27.100594 Seyfert galaxy
20 668. 1. NGC 2242 PN ∼ 98.5307 44.7772
21 683. 1. IC 2149 PN 11.35 89.0996 46.1048 too old 4 · 105 years
22 722. 1. PN K 3-93 PN ∼ 036.625063 +65.798081
23 722. 2. PN K 3-91 PN ∼ 029.650725 +66.566147
24 722. 3. PN K 3-92 PN ∼ 030.921546 +64.960522
25 722. 4. NAME PN Fe 6 PN ∼ 029.1038 +65.4750
26 722. 5. PN A66 30 PN 14.3 131.7227668268712 +17.8795466720606
27 722. 6. IC 1747 PN 15.4 029.3987080597163 +63.3217898905825
28 722. 7. IRAS 01224+6120 PN ∼ 021.4359288284827 +61.6032422673801
29 722. 8. PN G127.6-01.1 PN ∼ 022.7871 +61.3828
30 722. 9. PN K 4-59 Em* ∼ 022.6378227621071 +60.5220821945185
31 722. 10. PN G129.2-02.0 PN ∼ 025.658333 +60.162367
32 722. 11. SH 2-188 PN 17.447 022.6382406015929 +58.4139790323242
33 722. 12. PN WeSb 1 PN ∼ 015.222129 +55.063303
34 722. 13. [CMG2005] NGC 185 4 PN ∼ 009.7348586241542 +48.3225862322030
35 722. 14. [CMG2005] NGC 147 1-8 PN? ∼ 8.26575 48.5237
36 722. 15. SDSS J005232.04+440613.5 PN? ∼ 13.1335 44.1038
37 722. 16. [MMD2006] 2429 PN? 23.08 11.7817 43.0729
38 722. 17. [MMD2006] 2435 PN? 24.72 12.6429 42.9483
39 722. 18. NAME PN M31-372 PN ∼ 11.6729 43.9844
40 722. 19. SDSS J005247.50+442257.7 PN ∼ 13.1979 44.3827
41 722. 20. NAME PN Fe 8 PN? ∼ 32.5443 65.4209
42 722. 21. IRAS 01571+6018 * ∼ 30.1645 60.5498
43 722. 22. 2MASS J01455120+6416057 PN? ∼ 26.4633 64.2682
44 722. 23. NAME PN Ra 18 PN? ∼ 28.9125 62.6722
45 722. 24. NAME PN Mul 8 PN? ∼ 24.6791 55.0829
46 840. 1. RAFGL 3068 C* ∼ 349.802529 +17.192536 LL Peg=Carbon Star of Mira type in PN
47 840. 2. PN Jn 1 PN 15.62 353.9721733351536 +30.4684270240498 old PN (Napiwotzki & Schoenberner 1995)
48 1175. 1. PG 1520+525 PN 16.6 230.4440158845437 +52.3677413094009 too old 4 · 104 years
49 1430. 1. PN HDW 7 PN 17.6 118.7971141181319 +09.5525499483599 interesting
50 1431. 1. PN A66 73 PN ∼ 314.112633 +57.434181
51 1431. 2. NGC 1909 RNe ∼ 075.5000 -07.9000 Witch Head: too big
52 1431. 3. PN MaC 2-1 PN 14.4 075.9243861695177 -06.1675081203768
53 1437. 1. PN PM 1-114 PN? ∼ 252.8252129958691 -41.2210968481807 fits well the text position, not certain PN
54 1437. 2. PN G344.4+01.8 PN? ∼ 253.68037 -40.69636 fits well the text position, in MASH II, not certain PN
55 1437. 3. PN G344.0+02.5 PN ∼ 252.58425 -40.50086 fits well the text position, in MASH II
56 1437. 4. ESO 332-4 PN ∼ 252.889896 -40.048892
57 1437. 5. BMP J1651-3930 PN ∼ 252.9221153777408 -39.5076339705931
58 1437. 6. ESO 332-2 PN ∼ 252.38687 -39.35253
59 1437. 7. PN G344.2+01.6 PN ∼ 253.75208 -40.92661 fits well the text position, almost nothing known
60 1437. 8. PN Vd 4 PN 15.5 252.6056215316712 -39.1386394581621
61 1437. 9. PN G345.9+03.0 a PN ∼ 253.6358 -38.7508
62 1437. 10. PN G345.8+02.7 PN ∼ 253.9666794759882 -39.0059781135805
63 1437. 11. PN G345.8+02.4 PN ∼ 254.167158 -39.210269
64 1437. 12. PN G346.1+02.8 PN? ∼ 254.0071 -38.6975
65 1437. 13. PN G346.5+02.7 PN ∼ 254.4367 -38.4464
66 1437. 14. PN G343.5+01.2 PN ∼ 253.4804 -41.7333
67 1437. 15. PN G343.6+01.1 PN? ∼ 253.7125 -41.7306
68 1437. 16. PN H 1-5 PN 15. 254.3489570106828 -41.6328327176266
69 1437. 17. PN G343.6+03.7 a PN ∼ 251.0850 -40.0369
70 1437. 18. IRAS 16456-3822 PN ∼ 252.2567262544107 -38.4620085992982
71 1437. 19. ESO 332-18 PN ∼ 256.1408091875673 -37.8874542478312
72 1461. PN DeHt 4 PN ∼ 291.611100 +13.326308
73 1690. 1. IC 4776 PN 10.62 281.461271 -33.342811 post-CE nebula! interesting case
74 1690. 2. LSE 63 pA* 11.97 280.0917439775203 -31.9468926340524 Post-AGB Star (proto-PN)
75 1690. 3. PN G002.8-10.7 PN ∼ 278.8900 -31.5958 true PN (MASH)
76 1690. 4. PHR J1833-3115 PN ∼ 278.42838 -31.26192 true PN (MASH), 225′′ × 35′′
77 1690. 5. PN Cn 1-5 PN 15.2 277.2985433345579 -31.4997569852074 CSPN WC
78 1690. 6. PN G002.1-08.3 PN? ∼ 276.0904 -31.1194 likely PN, 9′′ × 7′′ (weak NII), Em, strong Hα
79 1690. 7. PN M 3-29 PN 14.1 279.8575767162189 -30.6770067167098 0.137 0.137 arcm
80 1690. 8. PN G001.1-11.5 PN? ∼ 278.9308 -33.4125 possible PN, 5′′ × 4′′, S, no continuum, weak Hα, spec noisy
81 1690. 9. PN SB 55 PN ∼ 274.859712 -33.618017 Frew, 2013
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Table 5. Complete list of Supernova Remnants and pulsars in the search fields. These objects are discussed in Sect. 5.3.
id year idy name RA2000 DE2000 age/yr P/s commentary
1 −4 1 PSR J2010-1323 302.691 −13.3989 1.72 × 1010 too old
2 70 1 [MPW94] 43.74+62.5 148.969 69.6802 ∗ 0.535829
3 70 2 PSR J1022+10 155.742 10.0313 not in ATNF
4 70 3 PSR J1000+08 150.158 8.3328 ∗ 0.440372 old
5 70 4 PSR B0950+08 148.289 7.9266 1.75 × 107 old
6 70 5 PSR B0943+10 146.53 9.86592 4.98 × 106 old
7 70 6 PSR J1010+15 152.5 15.85 ∗ ∗
8 70 7 PSR B0940+16 145.875 16.5269 1.89 × 108 too old
9 70 8 PSR J0943+22 145.854 22.9333 not in ATNF 0.532913 Ray+,ApJ1996
10 70 9 PSR J0927+23 141.904 23.7833 not in ATNF 0.761886 Ray+,ApJ1996
11 70 10 PSR J0947+27 146.842 27.7 not in ATNF 0.85105 Ray+,ApJ1996
12 70 11 PSR J1005+3015 151.375 30.25 not in ATNF
13 70 12 PSR J0928+3037 142.179 30.6167 not in ATNF
14 70 13 PSR J0926+3018 141.5 30.3 not in ATNF
15 70 14 PSR J0943+4109 145.75 41.15 not in ATNF Thorsett+,ApJ,1993
16 70 15 PSR J0933+3245 143.458 32.75 not in ATNF
17 641 1 PSR J1238+21 189.597 21.8698 ∼ 107 1.11836 Ray+,ApJ1996, Hobbs+,MNRAS,2004
18 667 1 PSR J0457+23 74.275 23.5667 ∗ 0.5049 old
19 667 2 PSR J0435+27 68.8917 27.7333 not in ATNF 0.326279 Ray+,ApJ1996
20 667 3 PSR J0421+3240 65.375 32.6667 not in ATNF
21 668 1 2XMM J050106.5+451634 75.2833 45.2753 not in ATNF U Manitoba: SGR 0501+4516, magnetar, possibly related to SNR G160.9+02.6
22 668 1 SNR G160.1-01.1 no context data
23 668 2 PSR J0426+4933 66.5284 49.5607 371000
24 668 2 SNR G156.4-01.2 not in U Manitoba
25 668 3 PSR B0458+46 75.519 46.9017 1.81 × 106 old
26 668 3 SNR G160.8+02.6 =SNR G160.9+02.6 4000-7000 PSR age 16000
27 668 4 SNR G156.2+05.7 7000 −− 26000
28 668 5 SNR G159.6+07.3 no data
29 683 1 SNR G159.6+07.3 80 50 no data faint Hα, but 3◦ × 4◦ huge, not result of an event in 683
30 722 1 [GHM84] SNR 9.7397 48.3378 no data
31 722 1 PSR J0205+6449 31.408 64.8286 5370 possibly SN 1181
32 722 2 PSR B0154+61 29.458 62.2072 197000
33 722 2 SNR G128.5+02.6 26.0676 64.899 no data
34 722 3 PSR J0137+6349 24.25 63.8167 1.19 × 107 old
35 722 3 SNR G127.3+00.7 =G127.1+00.5 22.2 63.0667 20000–30000 too old
36 722 4 EM∗ GGA 104 26.7509 61.3566 not in ATNF HMXB with nebula (SDSS), interesting target!
37 722 4 SNR G126.2+01.6 20.5 64.25 270000 too old
38 722 5 PSR J0146+6145 26.5925 61.7511 69100
39 722 5 SNR G130.7+03.1= SNR 3C 58 31.4043 64.8283 possible remnant of SN 1181
40 722 6 PSR B0144+59 26.9361 59.3676 1.21 × 107 old
41 722 7 PSR J2238+59 339.561 59.08 not in ATNF
42 722 8 PSR B0136+57 24.8323 58.2421 403000
43 722 9 PSR B0114+58 19.4111 59.244 275000
44 722 10 [KKL2015] J0103+54 15.9042 54.0333 ∗ 0.354304
45 722 11 PSR B0052+51 13.9391 51.2903 3.51 × 106 old
46 722 12 PSR J0106+4855 16.6043 48.9311 3.08 × 106 old
47 722 13 PSR J0103+48 15.75 48 not in ATNF
48 722 14 PSR B0053+47 14.1063 47.9363 2.25 × 106 old
49 722 15 PSR B0011+47 3.57396 47.7759 3.48 × 107 old
50 840 1 PSR J2355+2246 358.958 22.7714 7.72 × 106 old
51 840 2 PSR J2329+16 352.458 16.95 ∗ 0.6321 old
52 840 3 PSR J2322+2057 350.593 20.9508 7.89 × 109 too old
53 840 4 PSR J0006+1834 1.52 18.5831 5.24 × 106 old
54 840 5 PSR J2317+1439 349.288 14.6587 2.25 × 1010 too old
55 840 6 PSR B2315+21 349.491 21.83 2.19 × 107 old
56 840 7 PSR J2307+2225 346.922 22.4306 9.76 × 108 too old
57 840 8 PSR J2317+29 349.25 29 not in ATNF
58 891 1 PSR J1633-2010 248.48 −20.1692 not in ATNF
59 1175 1 PSR J1518+4904 229.57 49.0762 2.39 × 1010 too old
60 1175 2 PSR B1508+55 227.357 55.5258 2.34 × 106 old
61 1175 3 PSR J1544+4937 236.017 49.6326 1.17 × 1010 too old
62 1431 1 PSR J0458-0505 74.6547 −5.08475 5.63 × 107 old
63 1431 2 PSR B0450-18 73.1421 −17.9898 1.51 × 106 old
64 1431 3 PSR B0447-12 72.5366 −12.802 6.76 × 107 old
65 1431 4 [KKL2015] J0447-04 71.75 −4.5833 ∗ 2.18819 old
66 1431 5 PSR J0459-0210 74.9664 −2.1685 1.28 × 107 old
67 1437 1 PSR J1654-4140 253.598 −41.6733 1.55 × 108 fits text position very well but too old
68 1437 2 PSR J1650-4126 252.555 −41.4432 2.47 × 108 fits text position very well but too old
69 1437 3 PSR J1653-4030 253.393 −40.5004 3.7 × 107 fits text position very well
70 1437 4 PSR J1649-3935 252.278 −39.5956 3.12 × 108 too old
71 1437 5 PSR B1650-38 253.416 −38.6391 1.73 × 106 old
72 1437 6 PSR J1655-3844 253.911 −38.7358 9.45 × 106 old
73 1437 7 PSR J1700-4012 255.161 −40.2107 4.54 × 107 old
74 1437 8 PSR J1700-3919 255.093 −39.3167 1.77 × 109 too old
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Table 5 – continued
id year idy name RA2000 DE2000 age/yr P/s commentary
75 1497 1 PSR J1434+7257 218.499 72.9574 1.2 × 109 too old
76 1497 2 [KKL2015] J1439+76 219.75 76.9167 ∗ 0.947903
77 1461 1 PSR J1738+04 264.6042 4.3333 ∗ 1.39179 1.08 kpc
78 1461 2 PSR J1743+05 265.8167 5.4833 ∗ 1.47363 3.95 kpc
79 1461 3 PSR J1736+05 264.225 5.8 ∗ 0.999245 2.49 kpc
80 1461 4 PSR J1739+0612 264.824858 6.207889 2.37 × 107 0.234169035616 25 kpc
81 1461 5 PSR J1750+07 267.6667 7.55 ∗ 1.90881 3.75 kpc
82 1461 6 PSR J1738+0333 264.72484654 3.55301083 3.84 × 109 0.005850095859776 MSP at 1.47 kpc
83 1661 1 V∗ LY Aqr 312.781 −8.4605 not in ATNF MSP in binary
84 1661 2 PSR B2043-04 311.501 −4.35722 1.67 × 107
Table 6. Symbiotic binaries in the search fields. To the VSX output data of coordinates, period, and magnitude range, we added the
distance from Gaia parallaxes and computed the absolute magnitude M. ‘VF’ means ‘very fast’.
id year star name RA2000 DE2000 dist./ kpc Type Period/ d mag M (V) commentary
1 −47 AS 327 283.319 −24.383 – ZAND 823 12.6 − 13.5 V – too faint
2 −47 V5569 Sgr 282.515 −26.404 4.4 EA+ZAND+BE 515 9.8 − 12.1 V −3.4 possible but not
perfectly fitting
3 −47 V2601 Sgr 279.509 −22.698 ≥ 4 ZAND 850 14.0 − 15.3 p ≤ +1.0 too faint, slightly
outside circle
4 −4 StHA 176 305.676 −21.132 ≥ 7 ZAND 120.9 11.9 − 12.8 V ≤ −2.3 possible
5 722 V0832 Cas 26.910 +60.699 5.4 ZAND: – 11.66 − 13.5 V −2 VF nova, ≤ 2 mag:
possible
6 722 AX Per 24.095 +54.251 3.4 ZAND+E 680.83 9.5 − 12.8 V −1.1 VF nova, ≤ 2 mag:
possible
7 840 V0379 Peg 358.469 +23.156 0.11 ZAND: – 13.9 ∗ −18.5 V 8.7 too faint
8 891 NSV 20558 243.873 −22 – ZAND – 15.6 − 15.9 V – too faint
9 1431 StHA 32 69.440 −1.31997 8.3 ZAND 626 12.2 − 12.9 V −2.4 ‘shiny bright’
event, too faint
10 1431 KT Eri 71.976 −10.179 – NA+ZAND:+E: 737 5.4 − 16.5 : V – see Section 4.3
11 1437 Hen 2-173 249.103 −39.862 4.1 ZAND+EA 911 13.4 − 14.5 : V 0.3 too faint, position
doesn’t fit
12 1661 StHA 180 309.836 −5.288 ≥ 7 ZAND+R 1494 12.45 − 12.76 V ≤ −1.8 event ∼ 0.5 mag
bright, unlikely
13 1690 V3804 Sgr 275.3699 −31.535 – ZAND 426 10.5 − 13.4 V – position unlikely
Table 7. Close pairs of nebulae and variable stars. Please find the
maps of the according fields in Fig. 4. The ?-symbol at the year
indicates that this ‘couple’ is obviously a match of a symbiotic
star with itself.
year PN name name of variable dist/ arcmin
−47? EM∗ AS 327 AS 327 0.0008
−47 PN M 3-33 V0522 Sgr 6.946
−47 PN G009.8-07.5 OGLE-BLG-DN-1057 0.829
−47 PN G009.8-07.5 OGLE-BLG-DN-1056 4.599
667 HD 281789 2MASS J04132921+3116279 6.0131
1437 PN G349.7+04.0 V1535 Sco 9.469
1437? WRAY 15-1518 Hen 2-173 0.0001
5.1 Search fields with no findings
For the appearances −203, −103, +64, and 101, there are no
currently known objects of any of the above mentioned types
in the search fields.
Thus, for the record of +101 we propose to accept the
identification of the cataclysmic variables as we suggested in
our earlier paper (Paper 4) with the still possible suggestion
by Hertzog (1986); Patterson et al. (2013).
For +64 we suggested the cataclysmic binary V0379
Vir which appeared to be too faint to erupt up to naked eye
visibility. Yet, it is still the only object found in this field
and as it is too faint, we cannot offer any suggestion what
might have caused this sighting.
The appearance in −203 took place in the vicinity
of the bright star Arcturus which is a single star asterism
in Chinese sky culture. AB Boo is the brightest of three re-
maining CV candidates (Paper 4) according to our criteria
specified in Paper 3 and was observed as Nova 1877. Al-
though we did not find any PN or SNR or PSR within our
search field, the PN SkAc 1 is only slightly outside our field;
it is possible that this object contains a CV (Gentile Fusillo
et al. 2015). This PN is located within a neighbouring as-
terism (see Fig. A2). That means, the historical description
‘appeared in Dajioa’ where Dajiao (the Great Horn) refers
to Arcturus plus vicinity would only be correct if the as-
tronomer did not use the full system of asterisms but only
one of the (smaller and later merged) sets of fewer aster-
isms (possible in this epoch). However, the PN SkAc 1 has a
much too big kinematic age (5,500 to 13,000 years in case of
a nova shell, 160,000 years in case of a PN). Thus, we can-
not provide any likely suggestion what could have caused
this sighting. If AB Boo as brightest candidate is recurrent
within ∼ 2000 years, it would be worthwhile to look for a
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Table 8. Totals of SNRs, PSRs and PNe in the search fields per
year as displayed in Tables 4 and 5.
year PNe close pairs SNRs PSRs
−203 0 0 0 0
−103 0 0 0 0
−47 5 4 0 0
−4 0 0 0 1
64 0 0 0 0
70 5 0 1 14
101 0 0 0 0
329 1 0 0 0
641 1 0 0 1
667 7 1 0 3
668 1 0 5 3
683 1 0 1 0
722 24 0 5 15
840 2 0 0 8
891 0 0 0 2
1175 1 0 0 3
1430 1 0 0 0
1431 2(3) 0 0 5
1437 4 (51) 0 (2) 0 3 (27)
1461 1 0 0 6
1497 0 0 0 2
1661 0 0 0 2
1690 9 0 0 0
shell but the proximity of bright Arcturus makes this rather
difficult.
The event given in the text has happened at a not spec-
ified time within the interval of three years ‘−103 to −100’
and is reported at the ‘Zhaoyao’ asterism which is commonly
interpreted as the single star γ Boo. As there is no known
CV or X-ray binary in the search field (Paper 4) and also no
PN, no known supernova remnant or pulsar, we possibly do
not understand the brief historical note correctly: It is still
possible that this ‘xing bo’ (bushy star) of which no move-
ment or tail is reported, was not a nova but a tailless comet
(suggested as guest star only by Xu et al. (2000) and neither
by Clark & Stephenson (1977) nor any other of the earlier
authors). Alternatively, the interpretation of the star name
is not correct.
5.2 Discussion of our ‘close pairs’
There are only seven close pairs in our search fields identi-
fied by our routine (Tab. 7). The corresponding maps are
displayed in Fig. 4.
Close pairs in circle of event 1437: Looking at the
map (Fig. 4, bottom), both pairs are too far from the line
between the second and the third star of Wei.
Nevertheless, we should briefly comment on the two
close pairs: Both nebulae are classified as ‘possible PN’.
G349.7+04.0 has an extension of only 3.′′5×4.′′0. As the
angular separation to the CV is ∼ 9.′5 the star is much too far
away to be in any physical relation with the nebula. In the
MASH catalog (Parker et al. 2006) the nebula is suggested
a ‘WR CSPN’, a planetary nebula with central Wolf-Rayet
star because the spectrum shows some WR features in blue.
There are also broad emission lines but as most Wolf-Rayet
central stars are of WC-type and this is certainly not a WC-
Figure 4. The three close PN-CV pairs within their search fields;
further information: see text. The maps show our search circles
and the Chinese asterism lines; at the upper rim the event year is
given and in brackets the duration if given, at the right rim the
position as described in the text is abbreviated. The coordinates
are equatorial, equinox 2000.
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type spectrum it appears strange. In principle WN stars are
not excluded but in this case, no central star has yet been
found and the nature of the nebula is unclear. We find this to
be an extraordinarily interesting and rarely studied object
but certainly not a PN or nova shell and, thus, beyond the
scope of this study.
The nearby symbiotic binary V1535 Sco with a typi-
cal G-magnitude near 15.2 mag produced a nova in 2015
brightening it to a visual magnitude of 9.2 mag (8.1 mag in
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I),3 below the detection limit of naked-eye observers even
if Nr peaks vary by 3 magnitudes. This star is located in a
region close to the Milky Way and close to the horizon for
observers of the northern hemisphere, so they would not be
able to realise a faint (6 mag) ‘new star’.
However, both objects of this pair are interesting cases
for further studies: The nature of G349.7+04.0 is unclear
and V1535 Sco is possibly a WD+K-systems in a crowded
area with a known 2MASS-object only 5′′ away which needs
clarification.
The second pair found by our routine is based on a
wrong classification in Simbad: Although WRAY 15-1518 is
already clarified as ‘not a PN’ (Simbad), it is still listed as
‘possible PN’. WRAY 15-1518 equals Hen 2-173, a symbiotic
star in Allen (1984).
Close pairs in circle of event 667: The only close
pair in our search circle is the A1-type star HD 281789 and
the cataclysmic variable 2MASS J04132921+3116279 with
a distance of 6′. The star is erroneously catalogued as PN
candidate; a young A1 star does not have a planetary nebula
or nova shell. It has a parallax of (2.9950± 0.051) mas (Gaia
Collaboration et al. 2018) while the apparently nearby CV
2MASS J04132921+3116279 is at a much higher distance
to Earth (pi = 0.7331 ± 0.083 mas according to ASAS-SN
(Shappee et al. 2014)). These two objects are certainly not
related: However, 2MASS J04132921+3116279 is a hardly
studied CV with Balmer emission lines and a visual magni-
tude of 16.3 to 18.1 mag. This makes the object a candidate
to produce a naked eye classical nova.
Close pairs in circle of event −47: For this event,
we find three PNe in this field which have a nearby common
envelope binary; for one of these PNe (G009.8-07.5) there
are even two CVs at close distance. This search field is close
to the Galactic centre and provides, thus, a high density of
any type of object.
PN G009.8-07.5 is in the globular cluster M22 (10 kly
distance) and only 3 arcsec in diametre (Gillett et al. 1989).4
This would mean the event has happened at a huge distance
and Go¨ttgens et al. (2019) already suggested such a scenario.
For our study it is not important how far away a CV is. The
only criterion is the ability to reach naked eye visibility by
a classical nova eruption with a typical amplitude of 11 to
13 mag. Both dwarf novae were discovered by the OGLE
survey. They have angular separations to the PN of 0.′8 and
4.′6. The event OGLE-BLG-DN-1057 is listed in ASAS as
ASASSN-V J183624.06-235429.2 which is classified as dwarf
nova (UG type) at a distance of 3065 pc (9995 ly) which
also suggests a cluster membership. The other event OGLE-
BLG-DN-1056 is reported in ASAS database with a distance
of 2613 pc (8522 ly) which is closer but still within the glob-
ular cluster. However, both dwarf novae are farther away
from the centre of the nebula than the nebula is extended
(by a factor of 16 or 92, respectively) which makes both pairs
unlikely related.
The pair PN M 3-33 and V0522 Sgr consists of a plan-
etary nebula and a dwarf nova at an angular separation of
∼ 7′, the distances match within the error bars (parallaxes
(0.3404±0.098) and (0.2671±0.0762), resp.). The nebula only
3 https://www.aavso.org/aavso-alert-notice-508.
4 http://www.messier.seds.org/more/m022_pn.html.
extended over 0.′1632 and was detected in the near infrared.
Thus, the observed angular separation of the CV is the 42.6
fold of the diametre. The variable V0522 Sgr is identified
with the 17 mag star 2MASS J18480046-2522219 which is
probably wrong: V0522 Sgr refers to the transient on Au-
gust 16th in 1931 which brightened up to 12.9 mag. Woudt
& Warner (2002) already suggested a 19.7 mag object 6′′
south of the 2MASS-star as counterpart for this eruption
but resumed that this still leads to an amplitude of ∼ 6.8,
which is still compatible with a long-interval outbursting
dwarf nova of the WZ Sge type. That means, V522 Sgr is a
dwarf nova which permits occasional super outbursts. Due
to models of binary evolution which suggest a long quies-
cence after a nova eruption, the scenario would then be:
The nova eruption ∼ 2000 years ago resulted in a quiescence
and a brightness compared to today’s dwarf nova outburst
brightness. After a while, the system started again to per-
mit dwarf nova eruptions or even awake as classical nova
as observed by Mro´z et al. (2016). Although it cannot be
excluded that V522 Sgr produced a classical nova ∼ 2000
years ago but even such a scenario would not take this star
to the observed negative magnitudes. Thus, it is neither a
candidate for the cause of this appearance nor related to the
above mentioned PN.
The object EM∗ AS 327 had been classified as ‘possible
planetary nebula’ by Perek & Kohoutek (1967) but in the
meantime it turned out to be the emission nebula of the
Z And-type star AS 327 with a period of 823 days. The
classification as PN is obviously wrong. With a V magnitude
of 12.6 − 13.5 mag and located in a area of the Milky Way
this star could cause a naked eye nova of 2 or 3 mag.
In sum, none of the close nebula-variable pairs matches
the conditions to be able to brighten up to visible mag-
nitudes. The CVs without nebula presented in our earlier
publication (Paper 4) remain.
5.3 Discussion of the individual events
Of special interest is the record of −47 (48 BCE) which
reports a really bright appearance in the constellation of
Sagittarius. Go¨ttgens et al. (2019) suggested a newly discov-
ered nebula in the nearby M22 star cluster to be the remnant
of this observation but catalogued this nebula to be possibly
a nova shell or a planetary nebula. However, the extinction
of peak brightness within the Milky Way and the reported
great brightness of the historical appearance in addition to
the much too young the kinematic age of the nebula leave
doubts on this interpretation (Paper 2). The record of this
event reports a rather bright sighting: ‘as large as a melon’
and ‘bluish-white’, which is why we consider it of negative
magnitude. If this historical event had been a supernova, we
should look for a pulsar or SNR in the reported area but
there is only one pulsar at the edge of the search field (PSR
J1836-2354A) which is much too old (τc ∼ 2.3 · 1010 years).
Among the 5 planetary nebula candidates, there is the sym-
biotic star EM∗ AS 327 (see above). A classical nova from
this system might be visible but it is uncertain if it would be
described as given. The four remaining candidates are PN
M 3-32, PN M 3-33, PN H 2-48, and PTB 32. None of them
provides a close CV and would, thus, be a strong candidate.
More interesting is the symbiotic binary V5569 Sgr
which normally varies the range of 9.8 − 12.1 mag in V. If
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this brightens by ∼ 10 mag it could reach at least 0 mag.
Although the position and brightness do not perfectly fit
(we expect the object a bit more north and the apparent
magnitude negative), within the error bars this could be a
candidate.
In the field of the −4 sighting we did not iden-
tify any valid candidate among the CVs and X-ray bina-
ries (Paper 4), and there is no PN and no SNR but one
pulsar: PSR J2010-1323. According to the pulsar database
(Manchester et al. 2005)5 this object has a characteristic
age τc = 17 Ga and is, therefore, a MSP. The wording of
the historical record is rather brief: ’a hui appeared (. . . )
for 70 days’ and uses the term ‘hui’ (broom star). Hence, we
conclude that this record, suggested as possible nova or su-
pernova candidate in the lists of Clark & Stephenson (1977)
(and derivatives, citations) as well as Hsi (1957) because no
movement is reported, possibly still refers to a comet and
not to a bright nova or supernova.
The event in 70 CE. For this historical event, only the
constellation is given and in this case we deal with one of the
large constellations (named Xuanyuan, the Yellow Emperor)
extending from the feet of Ursa Major to the heart of Leo (>
512◦2, cf. (Paper 4, Tab. 3)). In this huge array, we found 13
CVs with 5 being brighter than 16 mag and have no further
criterion to give one or some of them a higher likelihood than
the others (Paper 4, Tab. 6). With the present study (Tab. 4
and 5), we add 5 PNe but none with a close binary, 1 SNR,
and 14 PSRs in the field – and no criterion to prefer one
scenario. The ‘guest star’ which ‘emerged in Xuanyuan for
48 days’ is not described further in the record and, therefore,
we cannot derive any qualities unless the duration of 48 days
suggests a classical nova in preference of a supernova. Thus,
we recommend to stick to the list of CVs of Paper 4.
For the observation reported from 329, one object
precisely fits the position described in the text: The young
planetary nebula M97 (the Owl Nebula). There is no known
close binary in the vicinity. The nebula consists of an elon-
gated inner (cylindric) shell and a circular outer, multi-
shelled part (Sabbadin et al. 1985; Guerrero et al. 2003)
and has a diametre of 2 to 3 light years. The distribution
of expansion rates shows that the inner part moves slower
than the outer part. The age estimate suggests several thou-
sand years, e. g. ∼ 7, 000 years from typical expansion rates
of 42 km s−1 and the more careful determination by Sab-
badin et al. (1985, 6,000 years). Additionally, there is a halo
of red giant wind around the PN which has a dynamical age
of > 40, 000 years (Manchado et al. 1992). In other words,
the oldest layers are too old and the circular shape is from
neolithic epochs, an age from which circular enclosures may
suggest systematical astronomical observations by humans
but without textual witnesses because script was invented
only in the −3rd millennium.
Due to the perfect match of the positions of M97 and the
guest star, we considered PN re-birth scenarios. In known
cases, PN Abell 30 and PN Abell 78, the central area of the
nebula is almost free from hydrogen which is not the case
for M97. The only X-ray observation of the Owl by ROSAT
explains a point source radiation as background (Chu et al.
1998) and the UV spectrum does not show any features of
5 https://www.atnf.csiro.au/people/pulsar/psrcat/.
stellar wind. According to Guerrero et al. (2003) the inner-
most cavity of the nebula could possibly even collapse as a
consequence to this drop or lack of stellar wind. A DIN is also
no option because the guest star was visible only 23 days and
not many years. Apparently, this is a rather normal white
dwarf CSPN (McCarthy et al. 1997) in a normal PN. Con-
sequently, we can currently not identify any known scenario
of possible brightening in a PN with M97.
The event in 641. There are several planetary nebulae
detected in the face-on S0 galaxy NGC 4382. Even if some
of these PN are wrongly classified nova shells, they are much
too far (∼ 10 Mpc) away to have caused a naked-eye event.
The only pulsar in the field is PSR J1238+21 is a rather slow
(P ∼ 1.11836 s) one indicating an age of the order of 107 years
(Hobbs et al. 2004). Hence, among these alternative objects
there is no further candidate and the most likely scenario
remains a nova eruption of the (now) nova-like VY Sculptoris
star SDSS J122405.58+184102.7 as suggested in Paper 4.
The event in 667 There is no SNR in the field but
three PSRs which are relatively old but not MSPs. The ‘pos-
sible PN’ 2MASS J04595608+2706020 is indeed a Seyfert
galaxy and, thus, accidentally in the list of PN candidates.
Of the other six possible PNe in the field, two (namely V∗
V1023 Tau and CoKu Tau-Aur Star 4) are likely not PNe
but T Tauri stars (young). They could show some variability
but do not brighten enough for twilight visibility by naked
eye observers. The only close pair containing the A1-type
star HD 281789 turned out to be a projection because the
different distances of the components (see above section) and
the A-type star is not a PN. PN K 3-66 is a young planetary
nebula with a clearly detected dust lane6 and, thus, not a
mis-classified nova shell. PN K 3-29 was observed in the In-
frared campaign by Stanghellini et al. (2012) to analyze the
dust in the nebula. The results also suggest a PN and not a
nova shell and no central binary.
The only interesting object is NGC 1514, a PN with
a size of (1.′673)2 and binary central star HD 281679
(sdO+A0/3III C), according to Feibelman (1997) and ci-
tations therein. The subdwarf O-type star seems to cause a
stellar wind which is visible in form of weak P-Cygni profiles
of the Ov line at 1371 A˚ and the C iv doublet at 1549 A˚.
The nebula is, thus, certainly not a nova shell but formed
by the stellar wind.
Summarizing, none of the objects in the field of our
search for possible causes of the historical sighting can be
definitely identified as a counterpart.
For the sighting in 668, there is only one PN slightly
outside our search field: NGC 2242, a very blue nebula with
a diametre of 0.′37 and a distance of ∼ 2000 pc. If this was
a nova shell, it would be much too old (5,000 yr) to have
caused a sighting only ∼ 1.3 thousand years ago; it is likely
a real planetary nebula. More interesting are the supernova
remnants in the field: SNR G160.8+02.6=G160.9+02.6 has
an estimated age of 4,000 to 7,000 years while its pulsar’s
τc is estimated to be 16,000 years (U Manitoba catalogue).
The possibly related pulsar is one of the rare X-ray pulsars,
the magnetar SGR 0501+4516.
As the phenomenon in year 668 was only visible in
6 see Compilation IV: Comparison Sample: Young pPNe http:
//faculty.washington.edu/balick/pPNe/.
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twilight, we already suggested that it was probably rather
bright. This makes the observation of a supernova more
likely than one of the six CV candidates which we found
in the search field (Paper 4, Tab. 6). In contrast, the object
in year 668 is reported only several days (maximum three
weeks) which would be atypical for a bright supernova and
preferably suggests a comet or a classical nova. However,
in comparison with the last paragraph on the event in 667,
something else appears really strange: In two subsequent
years, there are two comets (or novae) at almost the same
position in the sky (close to the Wuche-asterism). A writing
error seems unlikely in this case, because not only the year
is given but two different reign periods.
A new hypothesis: Interestingly, the record of 667
only reports an appearance on 667 May 24th while the
record of 668 only reports a disappearance in the begin-
ning of June.7 Could this mean that the appearance of May
667 and the disappearance of June 668 refer to the same
transient?
In this case, a year of visibility would be unreported
which is possible because astronomical diaries are not pre-
served. Additionally, we have to re-interpret the position
given for the sighting in 667: We suggest, it was originally
not meant to have occurred between three asterisms (which
would be, indeed, a very unusual description) but next to
the Wuche asterism (as event 668). This is (automatically)
in the area of the two lunar mansions Mao and Bi which are
also mentioned in the text for 667. The different descriptions
of the positions explain why up to now nobody brought these
sightings together. However, we consider it more likely that
the two records together report one supernova than that
there were two comets at almost the same position.
Given a supernova in 667/ 668, we have to consider all
five SNRs in our search field in more detail: (i) Although age
and distance of SNR G159.6+07.3 are unknown, according
to Fesen & Milisavljevic (2010) this is not the young rem-
nant of a historic supernova. They consider it either very
old or a few thousand years old (pre-historic), if it expands
in a very low density interstellar medium (ISM) resulting
in a high shock velocity suppressing the formation of com-
mon postshock optical cooling filaments. (ii) SNR G156.4-
01.2 = CTB 13 is neither in the U Manitoba nor in the
Green catalogue of SNRs. Optical Observations by Rosado
(1982) suggest a diametre of 30 to 60 pc which makes it too
large for a historical event. (iii) In case of the radio source
G160.1-01.1 it is not even certain that this is a SNR; it is
classified as ‘uncertain SNR’ in the SNR catalogue. We are
left with the two SNRs (iv) SNR G160.9+02.6 and (v) SNR
G156.2+05.7 of which the first is the younger one. (v) SNR
G156.2+05.7 is estimated to be 7,000 to 26,000 years old
and has no known pulsar (Katsuda et al. 2016) while (iv)
SNR G160.9+02.6 is considered to be a few thousand years
younger (see above paragraph). With our new suggestion we
have to study this in more detail: Leahy & Tian (2007) used
radial velocity measurements of H i filaments to infer a dis-
7 Hsi (1957) understands the text to report a duration, while Ho
(1962) translates the record with an addition as if it was reporting
a date of disappearance; in both ways, the astronomical conclu-
sion would be an invisibility either from 668 June 7th or latest
from June 14th on.
tance to the SNR of 0.8 ± 0.4 kpc. By using an evaporative
cloud model, they obtained the above mentioned age esti-
mate of 4000 − 7000 yr for d = 0.8 kpc, without taking into
account the distance uncertainty. At d = 0.8 kpc and for a
diameter of 130′ × 120′, the radius would be 15 pc, which is
too large to be the remnant of a historical supernova. How-
ever, for smaller distances, the radius and age would shrink
correspondingly.
Consider the two neutron stars in this SNR: (i) PSR
J0502+4654=B0458+46 is located ∼ 17′ to the northeast
of the geometric centre. According to the ATNF pulsar
database (Manchester et al. 2005) it has a distance of
1.32 kpc, which could be consistent with the SNR dis-
tance. The characteristic age of τc = 1.81 × 106 yr, how-
ever, seems very high. Additionally, the proper motion of
PSR J0502+4654 does not point back to the geometric cen-
tre. Only if the explosion happened significantly off the cen-
tre (& 10′), we could still justify an association. The SNR
catalogue (Ferrand & Safi-Harb 2012) states this pulsar to
be probably unrelated. (ii) In contrast, the magnetar SGR
0501+4516 is given as possibly related but with ∼ 1.38◦ to
the south it is much further away from the centre. With
τc = 1.6 × 104 yr it is relatively young but the distance of
2.2 kpc is larger and if the explosion happened close the ge-
ometric centre, it would have required an unreasonably high
velocity of more than 3400 km s−1 to travel that far in 5,500
years (upper age limit). This seems impossible compared to
the Maxwellian distribution of neutron star velocities which
peaks at 265 km s−1 (Hobbs et al. 2005). If SGR 0501+4516
was the associated neutron star, it would certainly rule out
an association with the transient observed in 667/ 668.
Both neutron star associations seem unlikely and an as-
sociation of the SNR shell with the transient would challenge
the evaporative cloud model used by Leahy & Tian (2007),
requiring a very fast expansion of the ejecta. However, using
the lower distance limit of 0.4 kpc should decrease the lower
age limit to about 2000 yr, i. e. only slightly larger than re-
quired. Summarizing, if SNR G160.9+02.6 is the remnant
of the SN 667/668, definitely none of the two known PSRs
are related to it and the lowest possible age limit applies.
Alternatively, the remnant of this suggested new SN is not
yet discovered.
The event in 683. For this event we have two objects
in the field: The huge but faint supernova remnant SNR
G159.6+07.3 extends 3× 4 degree and the Hα line emissions
show velocities of ∼ 170 km s−1 (Fesen & Milisavljevic 2010)
which excludes it as cause of a sighting in 683. The other
object is the planetary nebula IC 2149 with an age of 350
thousand years. Would this be a nova shell it still had an
age of 12 to 30 millennia and, thus, too old to be related to
the event in 683. Of the four CVs we presented in Paper 4,
three are likely too faint and the only remaining candidate
is the dwarf nova ASASSN-14gy with a brightness varying
between 15.74 and < 17.4 mag.
The event in 722 appeared in the Chinese constella-
tion of Gedao. In this huge search field in the Cassiopeia-
region of the Milky Way, we found a total of 24 planetary
nebulae, 15 pulsars and even 5 supernova remnants. Most in-
teresting to mention from the latter two object classes is the
pair of the young SNR G130.7+03.1, also known as SNR
3C 58 and the young pulsar PSR J0205+6449. Although
the characteristic age of the pulsar is estimated of the order
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of 5,370 years, this pair has been suggested (Kothes 2013)
and is commonly treated as a candidate to have caused the
guest star in 1181 which, thus, would have been a supernova.
Within the margin of error of the age estimation it could also
be well possible a supernova in 722 instead of 1181. How-
ever, the observation from Japan in 722 is reported only ‘for
a total of 5 days’ Xu et al. (2000, p. 135) which makes it less
likely to be a supernova. As it appeared within the Milky
Way, i. e. was observable and recognised naked eye against a
bright celestial background of many stars, we think it should
have been a rather bright appearance (2.5 mag minimum,
likely brighter). There is only one record from Japan, none
from China or Korea, which suggests that the bright ob-
ject really was invisible after a few days and the continental
colleagues could have missed it for weather reasons. Yet,
fading from this brightness to invisibility (4 mag) in only
5 days would also be an extremely fast nova. A supernova
would probably have lasted longer and the guest star in 1181
indeed was observed from China and Japan, and it was re-
ported for 156 or even 185 days in China. That means, the
interpretation of the appearance in 1181 as supernova is still
more likely than the one of 722. Still, the event in 722 has 9
remaining CV candidates of which one (HT Cas) had been
suggested by Duerbeck (1993) to have caused the sighting.
We add the symbiotic binary V0832 Cas with a normal range
from 11.66 − 13.5 mag in V. If the sighting was caused by a
very fast nova with peak brightness of ≤ 2 mag this system
is a valid candidate.
In the search field of event 840 we found two objects
in the catalogue of planetary nebulae: RAFGL 3068 and PN
Jn 1. The first nebula has a central carbon star (LL Peg)
which shows variability of Mira type. Thus, the surrounding
nebula is correctly classified as PN G093.5-40.3, implying
that the object RAFGL 3068 is certainly a PN and not a
nova shell. The other PN, JN 1 is discussed as ‘old PN’ by
Napiwotzki & Schoenberner (1995). It has a kinematic age of
the order of 900,000 years and, thus, would be much too old
for historical timescales even if we applied the higher, nova-
typical expansion rates. There are no SNR in this area and
among the eight PSRs three are MSPs. PSR J2355+2246,
PSR J2329+16, PSR J0006+1834, PSR B2315+21, and PSR
J2317+29 remain possible.
The event in 891. In this search field there is no PN
but one old pulsar. In Paper 4, we already found the recur-
rent nova U Sco in the search field. U Sco is the most active
recurrent nova known, with an eruption cycle of 10−15 years,
reaching at maximum light V= 7.5 mag. Both objects, U Sco
and the pulsar PSR J1633−2010 are close to the asterism and
within a circle around the mentioned star (ψ Oph). However,
we had to apply an error bar of ≥ 3◦ as derived from histor-
ical supernovae (Paper 3) to obtain candidates in our search
circle. In contrast, the guest star record from Japan states
an angular separation of 0.◦1 (one ‘cun’) to this star. U Sco
is a little bit more than 2◦ away from the star. We have to
postulate a corrupted text preserving 1 cun instead of 1 chin
(∼ 1◦) because in cases of a given angular separations from
a certain star (cf. SN 1054) the ancient measurements were
rather precise. No candidate is found within 0.◦1 of ψ Oph,
however there are some within a 4◦ error circle (Paper 4).
The event in 1175 led to no suggestion of the CVs
in the field (Paper 4). Now, we add one planetary nebula:
PG 1520+525, also known as Jacoby 1. There is a bright
foreground star (HD 137000) at a distance of only 3.′3. This
spherical object is 11 × 11 arcmin2 in diametre which trans-
lates to a physical extension of (3.2 pc)2 (Tweedy & Kwitter
1996) or a radius of ∼ 1.6 pc. With typical expansion rates
of planetary nebulae (42 km s−1, Jacob et al. (2013)), this
leads to a kinematic age of the order of 4 · 104 years for the
PN. With the typical expansion rate of nova shells, the neb-
ula is only 1,300 to 3,200 years old and, thus, the kinematic
age fitted the event in 1175. However, no CV is yet known
in the vicinity (no suggestion in Paper 4) and there is no
known common envelope-binary inside the nebula.
For the event 1430, the only object in the field is a
planetary nebula from the Hartl-Dengel-Weinberg (HDW)
catalogue: PN HDW 7. The object has an extremely blue
central star which already had been suggested as CV (Gen-
tile Fusillo et al. 2015). However, its radius of 0.′8 translates
to 57 pc at a distance of 4.3 kpc. With a bulk velocity
determined from Hα measurements (Pereyra et al. 2013) of
21 km/s it has an age of the order of 2.5 · 106 years and is,
therefore, too old to have been caused in 1430. Still, there
could be a CV within the observable (faint) nebula which
did not cause the whole nebula but a fainter one within the
visible nebula. The possibility that the observed object is the
remnant of a sun-like star which resulted in a white dwarf a
million years ago while the resulting white dwarf produced
a nova in 1430 is not yet excluded. However, our search for
close binaries within this nebula (or even the search field)
did not result in a match for this event: There is no currently
known CV or symbiotic system in the vicinity.
The event in 1431. Of the three objects listed as ‘pos-
sible PN’ in this field, the Witch Head Nebula (NGC 1909)
is a reflection nebula. Because of its size 3◦ × 1◦ and dis-
tance (1,000 ly) it cannot be the remnant of an event only
∼ 600 years ago. In the planetary nebula PN G095.2+00.7
(PN A66 73), an unusual carbon distribution was found (Oh-
sawa et al. 2012) and PN MaC 2-1 (PN G205.8-26.7) is a PN
at a distance of more than 9 kpc (Stanghellini et al. 2016).
The five PSRs in the field have characteristic ages of the
order of 106 to 107 years and are, thus, rather old pulsars.
On the other hand, the Z And-type star KT Eri has
erupted as a classical nova in 2009 reaching a visual maxi-
mum brightness of at least 5.4 mag in the regime of naked-
eye visibility. KT Eri is an excellent candidate for a recur-
rent nova. As already mentioned in Section 2.3, the RS Oph
group among recurrent novae contain red giant secondaries,
like Z And stars. The rather faint quiescent magnitude
V= 16.6 corresponds to the eclipse minima of KT Eri, out-
side eclipses the star is around 15 mag, according to the light
curve in the AAVSO Light Curve Generator. Therefore, its
nova eruption amplitude of ∼ 10 mag is well comparable to
that of modern recurrent novae. The historical records men-
tions ‘shiny bright’ for the event of 1431, implying a rather
bright guest star but they also list a visibility duration of
only 15 days (Paper 3, Tab. 3) compatible with the modern
classification of KT Eri as a rapid Na-type nova. All this
opens the fascinating perspective of having perhaps identi-
fied a recurrent nova with a cycle of ∼ 600 years, while all
cycles of modern recurrent novae are shorter than 100 years.
Additionally, as the peak magnitude of the nova eruption in
2009 was 5.4 mag, the hypothesis of an outburst of this sys-
tem ∼ 600 years ago as ‘shiny bright’ would imply a much
bigger peak-to-peak variability of nova outbursts in a bi-
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nary system as observed until now: e. g. in case of T Pyx
the peak brightness varies by 1 mag (Mayall 1967; Schaefer
et al. 2010) and for U Sco the peak brightness varies by 2
to 3 mag (see AAVSO light curve archive). If an outburst
∼ 600 years ago would have reached 3 mag or even 2 mag
it would be easily recognizable for naked eye observers and
they would call it ‘bright’ in regions like constellations Psc
or Her – but in a region close to the local horizon, next to the
Milky Way and next to some of the brightest stars in the sky
(CMa-Ori-region) they would call something ‘shiny bright’
only if it was about 0 mag or brighter, say comparable with
Sirius (−1.46 mag). This makes the suggestion of KT Eri
especially controversial. It would be an interesting case but
there are 8 further CVs in the field of this event which could
be alternative suggestions (Paper 4, dwarf nova BF Eri and
the dwarf nova of SU UMa-type AQ Eri as brightest ones).
None of them offers such unique and seldom properties as
KT Eri.
Especially interesting is, of course, the event in 1437
because of the famous suggestion of Shara et al. (2017b).
As it is located close to the centre of the Milky Way, the
density of any types of objects in this field is rather high.
There is no SNR but there are 27 PSRs and 51 planetary
nebulae in the search circle (defined for the query in the VSX
(Watson et al. 2006)). However, in this case, we know that
the position should be (more or less) at a line connecting
two stars from ζ Sco northwards. Thus, we can neglect the
objects at the eastern and western edge of the search circle.
Still, there are 19 PNe and 8 PSRs to consider: The best
positioned PSRs are PSR J1654-4140, PSR J1650-4126, and
PSR J1653-4030 but two of them are MSPs. The remaining
PSR with τc ∼ 107 years appears also too old although the
true age of a pulsar is younger than the characteristic age.
Among the many planetary nebulae in the field, only
four objects have the position matching the description:
PN PM 1-114, PN G344.4+01.8, PN G344.0+02.5, and PN
G344.2+01.6. None of these objects contains a known com-
mon envelope binary found by routine. The two close pairs
within the search circle (Tab. 7) are too far from the line
from ζ Sco northwards and, thus, are no candidates. PM 1-
114 has a huge distance (plx∼ 0.0074 mas, Gaia Collabora-
tion et al. (2018)) and an uncertain PN. G344.4+01.8 and
G344.0+02.5 are enlisted in the MASH II planetary nebula
catalogue but only their size 9′′ is known and if they are
PNe is only ‘likely’. The G344.2+01.6 was only found by
the AKARI mid-infrared survey as pale red dot without
measured size or distance. These objects need further in-
vestigation to determine their real nature, not to mention
any sort of rebirth scenario.
The event in 1461. There is one planetary nebula in
the field: PN G048.7-01.5 (DeHt 4), no SNR, and 9 PSR.
The PN has a size of roughly 44 × 34′′ and a distance of
∼ 5000 pc (Dengel et al. 1980, object No. 4 in Tab. 1). Thus,
the physical radius should be roughly ∼ 30 pc and, thus, a
kinematic age of the order of 650 millennia in case of a PN
and 23 to 55 in case of a nova shell. Anyway, this object is
much too old to be related to the event in 1461.
PSR J1738+0333 is a millisecond pulsar at a distance
of 1.47 kpc, PSR J1739+0612 is listed with a rotational pe-
riod of 0.23 s and a characteristic age of 2.37 · 107 years.
The other PSRs are rather old pulsars with rotational pe-
riods of 0.999 to 1.9 seconds. With a visibility duration of
only three or four days, this sighting is highly unlikely a
supernova report. Thus, the three CVs from (Paper 4) still
have a higher likelihood to have caused this event if it was
a transient stellar object.
The event in 1497. Within the search circle of 1497
there is no PN and no SNR. There are two PSRs, PSR
J1434+7257 and [KKL2015] J1439+76. The first one is a
millisecond pulsar and, thus, with a characteristic age of
1.2 · 109 years too old to have caused a brightening in 1497.
The other one also seems to be rather old with a period of
almost a second (Manchester et al. 2005).
The event in 1661. There is no PN or SNR in the field
neither a CV suggested to be bright enough. The rotating
variable V∗ LY Aqr contains a MSP and is, thus, much too
old for recent supernovae. Concerning the companion star,
which has an orbital period of 2.38 h, Lazaridis et al. (2011)
argue that it is more likely to be a semidegenerate helium
star than a white dwarf which makes a classical nova as
unlikely as a supernova. As the sighting in 1661 is reported
‘as bright as Saturn’ (∼ 0.5 mag), our study does not return
a suggestion.
The event in 1690. In the search circle of the event in
1690, there is no PSR and no SNR but 9 planetary nebulae.
None of them is in the vicinity of a common envelope binary.
LSE 63 is a post-AGB star and, thus, a proto-PN. IC 4776 is
a nebula with a post-common envelope central binary. The
components are likely a peculiar WC star (Aller & Keyes
1985, peculiar because no λ5806) and/ or a low-mass main
sequence star (Sowicka et al. 2017). According to the MASH
catalogue, G002.1-08.3 is a likely PN of 9 × 7′′, G001.1-11.5
a possible PN of 5×4′′, while PN G002.8-10.7 (15×13′′) and
PHR J1833-3115 = G002.9-10.2 (25 × 25′′) are a true PNe.
PN SB 55 and M 3-29 are only enrolled in Frew et al. (2013)’s
catalogue of true PNe. Pen˜a et al. (2017) found an expansion
velocity of 24 km/s for PN Cn 1-5 which confirms it as true
PN (0.213 × 0.196′) with central Wolf-Rayet star (WC). In
sum, IC 4776 as ejecta of a post-common envelope binary is
the most interesting case in this subset but they derive an
age of the nebula of ∼ 1500 years. As producing such a nebula
is a long process and since starting this process the system
evolves to less activity, we do not see any process which could
have caused a brightening of this system 330 years ago. From
Paper 4, the dwarf nova V1595 Sgr remains as the brightest
of three dwarf nova candidates.
6 CONCLUSIONS
In the present work we checked all currently known objects
in our search fields for counterparts of selected historical
transients. If none of the above mentioned object types yields
a positive result in the form of a proper candidate which
could have caused the sighting, it could be a comet, a yet
undiscovered writing error or misunderstanding in the his-
torical process of copying and transforming astronomical re-
ports to chronicles, or a star in the field which is not yet
discovered or which has (or had) outburst qualities which
are yet unknown. However, nowadays, in the age of big data
science, this is less likely than in the 19th or 20th century.
Remember, the star BK Lyn was just discovered in 1986
when Hertzog (1986) suggested it as candidate to explain
the Chinese guest star observation in 101. Nevertheless, our
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Table 9. Summarizing the results from Paper 3; Paper 4 and this
work.
year result so far
−203 AB Boo as brightest of three CVs in the field, no further
suggestion
−103 no suggestion (no objects, possibly text corrupted)
−47 possible are novae from symbiotic binaries AS 327 and
V5569 Sgr
−4 no suggestion: comet?
64 no suggestion (1 CV, V0379 Vir, too faint (Paper 4)).
70 13 CVs of same likelihood, 14 old PSR, 1 SNR
101 BK Lyn still most likely (of 2 CV suggestions).
329 PN M97 fits the description perfectly but is too old. Re-
maining are 5 CVs suggested in Paper 4.
641 most likely candidate: the NL/VY star SDSS
J122405.58+184102.7 Paper 4.
667 appearance of a SN
668 disappearance of SN 667 (consider SNR G160.9+02.6 (?))
683 1 CV: ASASSN-14gy (Paper 4), no close pairs, 1 PN, 1
PSR both too old.
722 very fast nova of HT Cas (Duerbeck 1993) or symbiotic
V0832 Cas or one of the other 8 CVs (Paper 4)
840 5 CVs (Paper 4) and 3 old PSRs
891 recurrent nova candidate: U Sco ∼ 2◦, but it is more than
0.◦1 away and its peak brightness should vary more than
currently observed
1175 extremely fast nova? no suggestion (CVs too faint) but
please study if PN PG 1520+525 could be a nova shell
1430 HDW 7 the most interesting object but BG CMi also pos-
sible (very fast nova?)
1431 KT Eri as classical (possibly recurrent) nova with a ∼ 600
years eruption cycle and ∼ 6 mag peak-to-peak variability;
8 other CVs (brightest: AQ Eri or BF Eri); 3 PNe and 5
old PSRs; no SNR
1437 no suggestion (no CV fits the position perfectly, 4 PNe
fit, 8 PSRs likely too old, 1 apparent pair is symbiotic
binary)
1461 3 CVs of similar likelihood from Paper 4 (6 old PSRs, 1
PN).
1497 no suggestion (no CVs, no PN, no SNR, 1 MSP, 1 old
PSR)
1661 no suggestion (CVs too faint, no PN, no SNR, 1 MSP, 1
old PSR)
1690 3 CV candidates, 9 PNe, no close pairs
method led to some results which are summarised in Table 9;
this table displays the summarised candidates from all five
papers.
In some cases, we improved the likelihood that the event
was either a nova or a supernova, while in some other cases
we still cannot give any proper suggestion. These events
should be postponed and maybe revised in some decades
with new findings although there is, of course, always the
possibility that we deal with comets or that the description
is corrupt. The most interesting new findings in our study
are:
(i) The two Korean records of the year 1592 which had
been proposed earlier as classical novae or even the super-
nova which led to Cas A, are possibly corrupt descriptions
of the SNe in 1572 and 1604 (Paper 4).
(ii) The nebula found by Go¨ttgens et al. (2019) in M22
is too young to have any correlation with the guest star in
−47 (Paper 2).
(iii) The eruption which lead to the nova shell discovered
and properly age-dated to the 15th century by Shara et al.
(2017b) is possibly not preserved in Far Eastern observations
because the position of record 1437 is 3 or 4◦ away (Paper 2).
This is likely because chroniclers needed political reasons to
include an observation in their writings. However, we did not
find any alternative suggestion to explain the records from
1437 (this paper).
(iv) The event in 891 could be caused by a known recur-
rent nova (U Sco).
(v) The event in 1431 could be caused by KT Eri as clas-
sical nova eruption in a symbiotic binary. This would imply
a timescale of ∼ 600 years for the recurrence and a variation
of amplitudes from one peak to the next by ≥ 6 mag.
(vi) The brief records of 667 and 668 likely describe the
same transient which was, thus, most likely a supernova.
We cannot identify a certain SNR but G160.9+02.6 is the
youngest one in the search field.
By-products: Additionally, our search led to some by-
products which do not serve to explain the historical sight-
ing in the very case (for reasons of brightness, duration or
position) but are strongly recommended to observe:
• PN HDW 7 has an extremely blue central star which
already had been suggested as CV (Gentile Fusillo et al.
2015) but the CV is uncertain.
• IC 4776 is a nebula with a post-common envelope cen-
tral binary, aged ∼ 1500 years.
• WRAY 15-1518 equaling Hen 2-173 is a bright symbi-
otic star off our position line but interesting to study.
• Is the symbiotic binary V1535 Sco, Nova 2015 Sco, a re-
current nova and could it possibly peak to naked-eye bright-
ness?
• The spectrum of G349.7+04.0 (MASH, VizieR) does
not show the PN-characteristic emission lines from forbid-
den transitions, except of a weak low-excitation [O i] λ5577.
Instead, the spectrum reveals a stellar continuum with a few
broad emission lines, most prominent at Hα/He ii, Hβ/He ii,
He ii 4686, and N iii 4640. Hence, it resembles a Wolf-Rayet
type of the nitrogen sequence (WN). Though, with a Gaia
distance of about 1.6 kpc and a Gaia RP magnitude of
16.4 mag (Gaia Collaboration et al. 2018), the object is too
faint for a massive WN star. The low-excitation nebular
emission mentioned above does not match to such a hot
central star. Thus, the object could be one of the postulated
underluminous ‘stripped’ stars.
To obtain this result, we processed the current cata-
logues of cataclysmic variables, planetary nebulae, pulsars,
and supernova remnants, e. g. from CDS Simbad, AAVSO
VSX, U Manitoba, ATNF, and others. This is not yet the
end: In order to explain the historical sightings, we will have
to process all data of variable stars and galaxies in our search
fields, study historical maps and star catalogues in more de-
tail in order to increase the geographical and temporal res-
olution of the usage of certain standards in various science
cultures (e. g. how stars are named, which variant of draw-
ing a constellation was preferred in which place and at what
epoch), and consider the historical astrological importance
of the mentioned constellations in order to estimate whether
or not and in which way a chronicler could have modified the
original (and not preserved) astronomical record. As constel-
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lations in China have been much more stable than in Europe
during the last ∼ 2 millennia, this will not completely fal-
sify our present results – but in some cases it could improve
them (in some cases maybe increase the size of the search
circle, in some cases vary the positions by opening further
possibilities for the interpretations). We hope to be able to
continue this threat in the future.
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APPENDIX A: ONLINE ONLY APPENDIX
The star charts show the details of the distribution of objects
in the considered fields. Thus, we provide one PDF-file which
include overview maps. However, as all object densities are
too high to label the plotted objects individually, we also
provide the same maps as CDF files in a ZIP folder.
A1 Plots of Planetary Nebulae (and PN
candidates)
This appendix displays for each historical event two maps
syn-optically. On the left hand side, we plotted our search
field and all cataclysmic variables (CV), all planetary nebu-
lae (PN) and PN candidates listed in Simbad into our map.
The PN and PN candidates are plotted in dark/light red
colour, respectively, the CVs and low mass X-ray binaries are
plotted in green/ cyan. On the right hand side, next to this
chart, we display the same map with our search field but dis-
played only those nebulae (PN, PN candidates) which have
a nearby (in 2D-projection) close binary. In these maps, the
nebulae are mapped in blue while their nearby binaries are
mapped in orange (symbiotic stars), cyan (X-ray binaries),
and green (CVs). In both maps planetary nebulae (PN) are
MNRAS 000, 1–21 (2020)
Nova or Supernova? Revisiting guest stars 21
0123456
Figure A1. Scale of star sizes for the maps in the appendix.
indicated by a ring with central point , PN candidates with
⊗, and all types of binary stars with ♦. The catalogue of PN
and PN candidates originates from Simbad, downloaded in
January 2020, while the catalogues of CV, LMXB, and Sym-
biotic stars are downloaded from the VSX catalogue of the
AAVSO (January to March 2020).
All maps include the Chinese asterism lines and the
stars scaled according to their magnitude (Fig. A1).
This paper has been typeset from a TEX/LATEX file prepared by
the author.
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